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ve Science and Technology * 


(From the Month’s News Releases) 


Germ-killing Paper 

Paper can now be successfully impregnated with a 
lasting germ-killing or repelling process and product. 
Not only does the process and product kill or inhibit 
a wide range of disease-producing bacteria, but it is 
effective against certain molds and fungi. Application to 
paper can be made to several of the wet stages of paper 
production, and also has been imparted to various 
types of pulp and to some kinds of finished paper 
without any apparent change to the physical character- 
istics of either, The use of this development in paper 
products such as toilet and facial tissues, paper napkins, 
paper diapers, drinking cups, food containers, soda 
straws, surgical masks, wrapping paper, and many other 
paper objects offers promising possibilities. 


Tester 

In a new cloud and pour point tester, as many as 
four oil samples may be tested simultaneously, at tem- 
peratures down to — 90° F. Designed to meet the specifi- 
cations for ASTM test D97, the apparatus consists of 
a sheet-metal cylinder with a heavy stoneware liner, 
insulated on and bottom with rock wool. This 
is the bath in which appropriate cooling 
mixtures are held. A heavy hardwood cover has an 
enlarged central opening through which shaved ice or 
pellets of solid CO, may be dropped to replenish the 


sides 


container 


cooling mixture. 


Paper Cutter 


A self-sharpening rotating wheel blade, enclosed in 


a protective cast aluminum carriage, travels on a solid 
I-beam track and trims paper, film, clippings, draw- 
ings, and photographs. The board may be left com- 
pletely unprotected, as there is no knife to cut or 
pinch fingers. Available in sizes from 12” x 12” to 8” 
x 42”, with other sizes on special order. 


Wax and K?*ll 

A wax that makes floors shine and at the same time 
kills roaches, ants, water bugs, silverfish, and other 
household insects is self-polishing and water-resistant. 
It may be used on linoleum, asphalt and rubber tile, 
and cement, as well as on varnished and painted wood 
It is also effective in areas where insects run, 
pantry shelves, 


floors. 
such as cracks, crevices, baseboards, 
around sinks, pipe openings, and floor and window sills. 
One application lasts for about six weeks. 


Insect-killing Light Bulb 

An insect-killing light bulb has recessed pockets in 
which pellets of an insecticide are vaporized. Designed 
for home, commercial, or camp use, the light bulb 
works in all positions and should burn more than 8000 


hours. 


Fire Blanket 

A new type of vinyl-coated glass cloth fir 
is approximately 30 per cent less expensive th; 
ventional wool fire blanket. The protective bl: 
over a machine env: 


be thrown person or 


flames, or can be used in smothering fires 
manholes, barrels, buckets, and other contat: 
vinyl plastic coating provides resistance to 
kalies, most solvents and other chemicals, stay 
to below zero Fahrenheit temperatures, and 


support combustion. 


Toxicity Determination 
A simple method for determining quickly 

icity of various beryllium oxide dusts that hav: 
acute pneumonitis when inhaled was demonst: 
industrial hygienists and physicians attending tl 
Health Conference in Los Angeles. A “dispersior 
ing’ technique is used, employing polarizing and 
field microscopes. The most dangerous beryllium « 
appear as dark particles with the polarizing mict 
and as a mixture of light blue and white parti 
dark field. The less toxt 
as bright particles with the polarizing microsco; 
bluish red dark field. Beryllium oxic 


silicon dioxide, the causative agent of the lung 


manufactured grades 


with the 


silicosis, can apparently exist in several stabli 


Which vary in their ability to cause acute pneu! 


Portable TV Microwave Equipment 

Iwo new developments in television equipme! 
just been released. One is the world’s most | 
['V broadcaster, operating on a frequency 
megacycles. The other is the most powerful T\ 
wave relay equipment, operating on a 2000 mi 
frequency. The latter is designed to pick up 
and sound simultaneously in remote places a1 
them back to the studio for telecasting, all wit! 
nearest tl 


use of wires. ‘The first device is the 


vest-pocket television broadcasting station, ! 
light enough for one man to carry. A preliminary 
of the second device was used to transmit the 
cording of an atom bomb explosion in Arizon 
possible, across favorable terrain, to wansmit « 
tances greater than 100 miles in a single hop 
devices are the first to handle pictures and 
waveband. ‘The 


simultaneously on the same 


and the sound, arriving as a single signal, 

scrambled” or separated electronically by the 1 
end of the equipment, and are then sent out 
proper wave lengths for reception by home 


ceivers. 


Address a post card to Science and Technology, 1515 Ma 
Ave., N.W., Washington 5, D. C., for further informat 
any item on page iv. 
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Public 


Education in the 


hilippines—Footnote 
to the Future’ 


In 1949, at the 
a Consultative 

the nation’s publi 
1950, the 


adviser to assist the 


on educational 
assignment. His 


Public Schools in 


request of the government of the 
Educational Mission to the 
schools. 
government of 
g 
administration and 
proposals tor 


1949 are embodied in a bill entitled “‘A 


J. CAYCE MORRISON 


Philippines, Unesco sent 
Philippines to make a 
Following publication of the report, in 
the Philippines asked Unesco to send a technica 
in implementing Unesco’s recommendation 


Dr. Morrison was 


Unese o's 


f 


Survey oOo 


musston’s 


government 


finance. given thi 


implementing recommendations of 


Foundation Program for Financing 


proposals have the endorsement of 


Philippines.” The 


the Department of Education and the Philippine Association of School Super- 


intendents. The 


proposed bill ts 


before the appropriate committees of the 


Congress of the Philippines for consideration during the 1953 session 


N August 23, 1901, the first contingent of 


American teachers landed in Manila. On 

July 4, 1946, the Republic of the Philip- 

pines took its place among the nations. Between 
those two dates American teachers had helped a 
willing people to develop the qualities of responsible 
citizenship. In less than half a century a people 
nhabiting a thousand isles, divided by nearly 
ighty languages, the victims of three centuries of 
exploitation, had found unity in an alien tongue 
and accepted responsibility for eoverning them- 
! Nothing quite like this had ever happened 

sased on the address of the retiring vice president, 

Q, at the Annual Meeting of the AMERICAN 

ADV ANCEMENT OF Sc IENCE, St 
1952. The paper is also 


\TION FOR THE 
Missouri. December 30. 
ng in the Philippine Educator. 


before in the history of peoples. Probably in no othe 
country is there such an excellent opportunity to 
observe the basic contribution of free public educa- 
tion to developing capacity for citizenship and 
self-government. 

lo understand what is happening in the Philip- 
pines, it is important to understand the longing 
of the 
expressed by José Rizal,’ more than ten years before 


Filipinos for education. This was vividly 


the Americans arrived: 


he school is the basis of society. The school is the 
book in which is written the future of nations. Show m: 
the schools of a people, and I will sh6w you what that 
people is 
welfare therefore, I would 


1 desire the country’s 


build S( hools 


Almost without exception the Filipino leaders 





sought to keep their schools alive, to free them 
from clerical control, to make education compul- 
sory, and to establish public schools secular and 
free. These ideals found expression in the fou 
ereat constitutional documents of the revolution- 
ary period.* 

Before the Americans arrived in the Philippines, 
under the Spanish Education Act of 1863, approxi- 
mately 1000 primary schools had been established, 
with an estimated enrollment of about 200,000. It 
was on this foundation that the Americans started 
to build. 


Legal Basis of Public Schools 


The legal basis of the present public school 
system in the Philippines was established by Public 
Act No. 74 of the American Commission in Janu- 
ary 1901. Except for Commonwealth Acts of 1938 
and 1940, the structural changes, to date, have 
been minor. 

In 1938, the Congress of the Philippines enacted 
a law known as Commonwealth Act 381. This 
reaffirmed the responsibility of the national govern- 
ment for financing primary education (Grades 
1-4), but shifted responsibility for intermediate 
education (Grades 5-7) to the chartered cities 


and municipalities. In order that they might carry 
this responsibility, the Congress required each local 


authority to levy a tax of 2/8 of | per cent on the 
assessed value of real estate, and made available to 
the additional 
resources for the support of schools. 
Finding that many of the municipalities could 
not maintain their intermediate schools under the 
provisions of C. A. 381, the Congress, in 1940, 
repealed the act and substituted for it C. A. 586. 
The latter carried over the provisions of C. A. 381 


local governments certain tax 


as they applied to chartered cities, but transferred 
to the national government responsibility for finan- 
cing intermediate schools in the municipalities. As 
an economy measure the Congress, by C. A. 586, 
abolished the seventh grade, limiting the inter- 
mediate school to Grades 5-6. The debates on this 
measure resulted also in pressure on the Bureau otf 
Education to experiment with the one-session, o1 
half-day, program in the elementary school. 


The War Years 
The school year 1940-41 opened with about 
2,000,000 children enrolled in the public schools. 
English was the chief language of instruction in all 
schools. In general, public secondary schools had 
been established only in the provincial capitals and 


a few other populous centers. They were supported 
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in considerable measure from provincial fu 
in some Cases were tuition-free. The census 
had reported approximately 50 per cent 
population above ten years of age as literati 
The Japanese entered Manila on Jan 
1942, and by the following June were in « 
of most of the provincial centers in the Phili 


trol 
Ines 
Wherever they took control, the schools were mad, 
an instrument of propaganda. Children left schoo! 
either from the necessity of escape with thei: 
families or as a patriotic duty. In many centers th 
Japanese established their headquarters in th 
public school buildings, which then became objects 
of attack by guerrillas and later by the Americans 
in attempting to dislodge the enemy. When th 
liberation from the Japanese came, nearly half th 
public school buildings had been destroyed, book: 
were gone, teaching staffs were scattered, the ney 
government was vet to be formed. and the county 
was desperately impoverished. Between Januan 
1942 and April 1945, enrollment in the publi 
elementary schools dropped from about 2,000,00) 
to about 200,000. 

Wherever the American Army moved in to gi\ 
protection, however, the first act of the local gov. 
ernment was to open the schools. There was n 
money, no material for permanent buildings: ther 
were few books and few qualified teachers avail- 
able; and for three or more years children had bee 
subjected to all the demoralizing influences of war 
The national government agreed to provid 
teacher wherever the people would provide a class 
room. For the most part, these temporary clas 
rooms were erected on school sites; they had wove 
bamboo walls, nipa shingle or thatched roots, dit! 
Hoors, and open spaces for windows with woode! 
shutters. Teachers and pupils found books, pape: 
and pencils where and as they could. By July 1946 
most of the children who had left school wanted t 
return. Such briefly, was the situation in publi 
education when the new government took over ol 
July 4, 1946. 

First Six Years Under the Republic 

As of July 4, 1952. public schools in the Philip- 
pines had completed six years under the Republi 
No significant change had been made in their lega 
structure since the Commonwealth days. But sign! 
licant had 
promising developments were in prospect. 


vains been made, and even n 

The total annual enrollment of public elemen- 
tary schools, Grades 1-6, had reached 4,000.00! 
with an average daily attendance of over 3,600 
It was estimated that 80 per cent of all seven 


old children were entering the public pri 
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id that 50 per cent of those who entered 
rade would, under present conditions, stay 
to the sixth grade. The War Damage Com- 
had restored a large percentage of the 
buildings destroyed in the war, and local 
nents with the help of parents and other 
were continuing to build temporary class- 
where needed. In 1948, teachers’ salaries had 
nereased. Most teachers had satisfied the 
ments of certification, and few new teachers 
wing employed who had less education than 


ation from a two-year normal college course. 


number of current developments in the work 
of the public schools give us confidence in the 


of the Philippines. These changes are find- 


ing expression as phases of the school community 


program, which may become the chief contribution 
f the Philippines to education. The school-com- 
nunity program has the endorsement of the Bureau 
f Public Schools and of the entire Department ol! 
Education. Superintendents are encouraged to pro- 
mote the program, each in his own way, in terms 


| the needs and resources of the city or province 
he serves. This has led to the coordination of major 
educational objectives into one program, which is 


lisplaving new vitality throughout the country. In 
| 

eneral, the school-community program is designed 
to improve the economic status of the people, 


reduce illiteracy, improve public health, develop 


civic Consciousness, and train for the responsibilities 


(citizenship in a democracy. 


Ihe school-community program is commonly 


initiated by a survey of the community. conducted 


hy the teachers and children. Each teacher is given 
an area. She visits the homes, talks with the people. 


and reports the facts concerning 


the number of 


people, the degree of their literacy. the character 


of the homes, the sanitary conditions observed: the 


economic features of the home, such as livestock. 


poultry, and garden: and aesthetic features of the 


neighborhood that might be improved. Through 


the children, visits to the homes, and parents’ 


visits to the school, steps are taken to improve con- 


litions where such improvement may be achieved 


hy the school’s participation or its dissemination of 


AROW ledge. 


Phe 
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Stat 


\pr 


ning, 


school-community program is giving a new 


tus to the effort of the schools to increase the 
tence level of the common people. From the 


American teachers emphasized — the 


pment of school gardens. Under the Repub- 
the schools are expanding and giving new 


to school eardening both as a method ot 


tion and as a means of raising the economic 


of the people. This expansion takes various 
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forms, depending, in part, upon the occupation of 
the people, the fertility of the soil, the prevailing 
climate, and the vision of those in charge. In one 
province, where banana culture had been more o1 
less haphazard, the school children, in one year, set 
out 300,000 banana trees. In community 
visited in that province the school banana plot was 
the best cultivated banana planting in the area. 
The intent is that the knowledge gained in school 


will be carried over into the care of banana plants 


every 


in home gardens, and ultimately to the improve- 
ment of banana culture on a commercial basis. In 
another area visited, where the climate is specially 
well adapted to the growing of flowers, the schools 
have actively promoted their culture. Almost every 
home, however humble, has its own flower garden, 
and collectively these home gardens have become 
part of an industry that supplies Manila, hundreds 
of miles away. with flowers the year around. The 
most prevalent extensions of the school garden are 


The 


obtaining from the state agricultural colleges good 


piggery and poultry projects. schools are 
stock, not only demonstrating what can be accom- 
plished through better breeding and scientific feed- 
ing, but also serving to improve the stock in the 
area served by the school. In mountainous areas 
the schools are beginning to establish goat farms. 
Along the coast. the schools are establishing fish 
ponds and hatcheries. ‘Through showing the people 
how to do better the things they were already do- 
ing, the schools are helping to improve the eco- 
nomic status of the people of the Philippines. To 
the achievement of this goal, the Mutual Security 
Agency of the United States is making an impor- 
tant contribution by helping the government of the 
Philippines to expand and equip the vocational 
schools at all levels. The influence of this contribu- 


tion is reflected in the work of the intermediat 
and primary schools. 

In the school-community program, emphasis is 
also. placed on community improvement. As 
teachers and other adults gain experience in work- 
ing together, the school becomes a center for adult 
community 


discuss problems and_ to 


vroups to 
consider ways and means of solving them. Much 
consideration is given to improving sanitary condi- 
tions, both in the homes and the community at 
large. Reading centers are established, in part as a 
means of promoting social intercourse. Considera- 
tion is given to aesthetic improvements. Improving 
conditions in the barrio or the municipality is the 
heginning of practical training in citizenship. The 
importance of this movement is that pupils and 
parents, teachers and citizens, are working togethe1 


and that the school is the center of a movement 
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that has immense possibilities for raising the status 
of an entire people. 

In some provinces, the school-community groups 
are organized to study the theory and practice of 
democracy at the local level. In many places, the 


provincial governor, the municipal mayors, and 


councilmen participate actively in the movement. 
The writer attended a conference of the leaders of 
school-community groups in one of the larger 
municipalities, where the chief speakers were the 
governor of the province, the mayor of the munici- 
pelity, and the division superintendent of schools. 
The discussion, carried on in Tagalog, covered 
local taxation, municipal finance, obtaining civic 
improvements such as artesian wells, appraisal of 
the promises and performance of their representa- 
tive in Congress, and so on. The conference was 
held in a large central elementary school. Time 
was scheduled for the delegates to visit elementary 
classrooms, where each class had brought, or was 
in process of bringing, to conclusion a term study 
of some important subject or problem in historical, 
civic, social, or economic development of the com- 
munity, province, or nation. Here was a social 
studies program in the school, intelligently articu- 
lated with a community program that enlisted the 
active participation of adults, that was directed to 
helping old and young grow in understanding and 
the forth in the 
and the policy of the 


way of life set 


declared 


practice of 
Constitution 
Republic. 
One would be daring indeed to predict the 
influence of the school-community program on the 
future development of citizenship in the Republic 
of the Philippines. There are observable beginnings 
that promise well. In one province, at least, many 
of the Huks have established their families in settled 
their children 
attend the public school. In a quiet way the 
schools are moving to win the hearts and minds of 


communities where can and do 


the children, and there is hope that they may win 
the confidence of the fathers as well. 
The language problem has been and still is a 
deterrent to the development of a literate and 
intelligent citizenship in the Philippines. The 1948 
Census reported about 60 per cent of the popula- 
tion above ten years of age as literate. Since 1901, 
except for the period of the Japanese Occupation, 
English has been the language of instruction in 
the schools and of the government. Under the 
Commonwealth, Tagaloe was declared the basis 
for development of a national language. The 
practical effect of this legislation thus far has been 
to make Tagalog a required subject of instruction, 
one period daily for all pupils in all schools. But 
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since there are about 80 different native la 
and dialects in the Philippines, the develop 
a native language based upon Tagalog is p 
ing slowly. During the past four or five \ 
experiment has been conducted in the proy 
Iloilo, in the use of the dialect 

language of instruction in Grades | and 2. int 


native 


ducing the use of English at the end of Grade 2 0; 
the beginning of Grade 3. Emphasis is placed oy 
drawing the parents into the school, encou: 
the children to tell their parents about the things 
they learn in school, and encouraging parents t 
learn to read with their children. Experience to 
date indicates that by the end of the fourth erad 
the children can use English quite as well as others 
of equivalent ability who were under Enelish in- 
struction during the entire four years. In addition 
the children have gained some skill in reading the 
native language, and the school has developed a 
closer bond of understanding with the parents. Thy 
school-community program, thus makes a reform 
the teaching of language a means of reducin 
illiteracy among adults, thereby drawing them int 
closer support of the schools. 


A Proposal for Financing Public Schools 

Not the least gain of the post-liberation period 
has been the achievement of a general agreement 
as to what are the current educational problems 
of the This 
reached through the work of the Joint Congres- 
sional Committee* on Education 1948-49, the sur- 
vey conducted by the Unesco Consultative Educa- 
tional Mission’? of 1949, and by the continuing 
activities of temporary committees on education 


Philippines. agreement has _ bee! 


The needs and the problems reported by these two 
major survey groups may be briefly summarized as 
follows: 


a) All classes in the primary schools should be placed 
on a two-session, or full-day, program. 

In 1951-52, about 60 per cent of all primary classes 
were On a one-session, or half-day, program. 

b) Elementary schools should be made free and a 
able to all children, and compulsory education should 
enforced to the completion of the intermediate school 
till the age of fourteen. 

The present compulsory education law applies only t 


1 


the primary school, Grades !—4, and is not strictly en- 
forced. In the sparsely populated areas there are som 
municipalities and many municipal districts that ha\ 


no public intermediate school and a few that hav: 


h 


primary school. 

c) The seventh grade, abolished in 1940, shou 
restored. 

Both the Unesco Consultative Mission and thx 
Congressional Committee recommended that the se 
grade be restored to the intermediate school. How 
a bill introduced in the 1952 session of the Cong 
the Philippines proposed making the seventh grac 
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five-year high school program. Unesco’s 
ser in 1952 approved the original recom- 
r the following reasons: (1) public inter- 
ls are much more widely distributed and, 
more accessible than public secondary 
since secondary schools are currently 
efly from tuition fees, the number of sixth- 
uates obtaining a seventh year of instruction 
y schools would be much less than in th 
te school; and (3) the program of the inter- 
hool is much better adjusted to improving thi 
life of the people than is the current 


ediate 
al-economi 

gh school program. 

1) Ay rapidly as the resources of the country will per 


u 
secondar) education should be made free and 


51, the average daily attendance in Philip- 
pine secondary schools was about 425,000. Of these, ap- 
proximately 183,000 were in public and 242,000 in 
private secondary schools. It was estimated that a litth 
iss than 25 per cent of the youth of high school ag 
were in secondary school, public and private. In_ the 
blic secondary schools about 85 per cent of the cost 

urrent expenses came from matriculation and tuition 
es, The national government made some contribution to 
e support of vocational education. 

Reduction of class size. 

\s of 1951-52, the maximum 
ficially at 60 pupils. The average class size was 46 in 


4c of 1950 


‘Ss Ol 


class size was fixed 
mary grades and 40 in intermediate schools. There was 
neral agreement that the maximum should be reduced 
soon as possible. The Joint Congressional Com- 
ttee endorsed a proposal for special teachers in_ the 
termediate schools that would reduce the pupil-teacher 
tio to 24-27 pupils per teacher. 
{) Levy of a local property tax in partial support of 
blic schools. 
[The Unesco Consultative Mission thought that, ulti- 
ately, 50 per cent of the cost of public schools might 
e financed from local taxes. The Joint Congressional 
ommittee adhered more closely to the tax provisions 
Commonwealth Act 381. 


reviously noted in 


lo solve the foregoing and other related financial 
roblems the Department of Education, with the 
sistance of the technical adviser provided by 
Unesco, has drawn an Act entitled, “A Foundation 
Program for Financing and Improving Public 
Schools in the Philippines.” The main provisions 
i the proposed bill are as follows: 


Each chartered city and municipality would be 
equired to levy a minimum specified tax on real estate, 
* proceeds from which would be used exclusively for 
support of elementary schools. The municipal govern- 
lients would be given the same additional tax resources 
lor the use of schools that are now available to the 
hartered cities. 
-. The national government would pay the difference 
ttween the cost of the foundation program and _ the 


‘rom the required or minimum local real estate 


e local governments would be permitted to levy 
il taxes for the purpose of improving or extend- 
foundation program. 

ien half or more of the local taxing units had 
extension, the national 


addit 


7 +} 


prov an improvement or 
\ nt would add such feature to the “foundation 


program,” thereby making it available to all the children 
of the country 

5. The provinces and chartered 
required to levy a token tax of 4 of 1 per cent and 
would be permitted to levy an additional tax on real 
estate for the support of secondary schools 

6. The national government 
half the real estate tax potential available to local gov 


cities would be 


would reserve at least 


ernments for the support of public schools 

The “Foundation Program for Financing Publi 
Schools in the Philippines,’® if enacted into law, 
would be a first step in developing a permanent 
partnership of the national and local governments 
in the support of public schools. It would create a 
more effective working relationship between the 
schools and the provincial, city, and municipal 
governments. It would enable the government of 
any local unit to provide a better program than 
that mandated for all the schools. Over a five-yea 
period, it would greatly strengthen the elementary 
school program and establish the concept that ulti- 
mately secondary schools should be free and avail- 
able to all youth. It would provide an incentive to 
parents and others, through channels now avail- 
able, to participate in the improvement of their 
schools and ultimately to achieve more effective 
participation in the planning and management of 
schools at the local level. 

Back of all proposals for increasing the cost of 
public schools in the Philippines is the question of 
economic resources. Currently, the situation is en- 
couraging. 

Since 1946 there has been a steady growth in the 
national income of the Philippines. In the six-year 
period 1946-51 the gross national income nearly 
doubled. The gain for 1951 over the preceding 
year was about 20 per cent. In 1951 there was no 
appreciable increase over 1950 in the cost of living. 
There was substantia! increase in national income 
from trade, manufacturing, and other sources, as 
well as from agriculture. Many factors may alter 
the trend in national income, but there are many 
signs that the upward trend will continue.’ 

There is deep loyalty throughout the Philippines 


to the purposes and methods of the American 
public school. Even so, there is growing realization 
that much of the content of courses of study and 
textbooks must be developed out of Philippine 
experience and be oriented toward solving Philip- 
pine problems. This realization of need is finding 
expression in the leadership of superintendents in 
their respective cities and provinces and in collec- 
tive efforts expressed through their national asso- 
ciation. The spirit of this leadership was well ex- 
pressed by J. C. Laya, in the preface of his book 


Little Democracies.’ 





, but it is also the 
diary of a creative spirit who, being inexperienced and 
unbroken, took the tolerance of his Director for encour- 
agement and went out on a daring and somewhat 
strange search that took him through the minds and 
hearts and purposes of the people of an entire province. 
This is the story of the wonderful things he found out 
at the first leg of his journey. The adventure has just 
begun. It is an unfinished story. 

One thing is It is a tentative record of a fast- 
changing scene, a freezing of a moment that as we look 
on is fading into other patterns and other shapes. But 
if it is has the the 
recorded past and will be useful as a point of reference 
when we plan for the future. 


This is a book on education 


sure; 


even evanescent it permanence of 


For J. C. Laya, the unfinished story was ended by 
his untimely death on August 3, 1952; but the 
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story he recorded will be a point of reference for 
hundreds of men and women in the public schools 
of the Philippines who will continue to write in 
their daily work the story of how public schools 
helped to create a republic and shape its service 
to its own people and to the world at large. 
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ASTRONOMERS 


Copernicus and Ptolemy 

Had much thought for infinity. 

They had a universe to chart, 

A room where man might play a part. 
The double suns and clusters, spheres, 
Became a part of their swift years. 

Their world was smaller and had bounds: 
In brief, they stood on firmer grounds. 

For they knew not as much as us 

Old Ptolemy, Copernicus. 


DANIEL SMYTHE 
De lanson, Ne iw York 
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consulting research and 


engineering organization, entered its ranks in 1919 as director of research. He 
became vice president in 1935, and since that date has held his present position. 
During the war years Dr. Stevenson was Chief, Chemical Engineering Division, 


National Defense Research Committee, 


and is now a consultant to the Depart- 


ment of Defense and the Chemical Corps. He is president of the Board of Trus- 
tees, Wesleyan University, and a member of the board of the National Science 


ITHIN my lifetime the greatest revolu- 
tion in the long history of mankind has 
occurred. Had the prophet Habakkuk 
he might 
e been inspired to exclaim as of yore, “Behold 


reincarnated contemporary, 


en oul 
among the heathen, and regard, and wonder 
uvelously; for I will work a work in your days, 
hich ve will not believe, though it be told you.” 
his might well be my theme, for it summarizes the 
hievement of creative technology, which is so 
sel) responsible for the position of the United 
tates today in world affairs. The quickening trans- 
tion of new scientific knowledge into terms ot 
ful devices is largely due to the development of 
ystem for utilizing the results of science—a sys- 
i of teamwork among scientists, engineers, and 
inulacturers., 

[his new methodology has come into being in 
‘past twenty-five years. It had its beginning afte 
orld War I and began to take root as an idea in 
‘twenties, but its growth was greatly retarded 


the depression. The unprecedented technologi- 


ii demands of World War II provided the im- 


tus. and the accumulated basic scientific knowl- 


ive, the nourishment, for the postwar growth of 


process which integrates science and engineer- 
(he electrical and process industries are prob- 
major beneficiaries. Within my working 


\ears, the modern catalytic cracking plant has 


olved out of the Burton invention. The develop- 
of 100-octane aviation gasoline was not the 


ccomplishment of one man; it depended upon an 


pplication of fundamental knowledge in the field 


' organic chemistry. This gasoline is a synthetic 


roduct and not simply the result of breaking down 
* Based on an address presented in the Symposium on 
tt logy in Engineering Research at the Annual 


‘eting of the AAAS held in St. Louis, December 26-31 
paper will appear simultaneously in Mechani- 


of the American Society of 


Encineering, journal 


| Engineers 


Foundation. 


large molecules to form smaller ones under thermal 
shocks. The gasoline we use in our cars today is 
composed of 90 per cent “new” molecules. 

The chemical industry owes much of its present 
¢lamour, aud certainly most of its achievements, to 
research and engineering. Within the past fifteen 
years the pharmaceutical industry has also become 
the beneficiary of these same developments. With 
the advent of the sulfa drugs, chemical therapy 
took a new lease on life in the promise of new 
specifics. The antibiotics brought about another 
revolution in this age-old industry. Industrial re- 
search in its new and_ broader conception has 
played a vital role in translating the laboratory 
disclosures of Fleming and Florey into practice. 

The story of the magnetron—the tube that is the 
heart of radar-—offers another example. As far back 
as the 1920s, two American scientists, working on 
the basis of Hertz’ discoveries, found that distance 
to an object (in their case, the height of a specific 
could be measured by bouncing 
radio waves against it. In the 1930s, Sir Robert 
Watson-Watt, in charge of a small research group 
carrving out further measurement studies, suddenly 
that aircraft overhead also gave reflected 
signals. Quickly huddled British Air 
Ministry security blanket, a special research team 
developed practical installations: the British chain 
of early warning stations of 1939—which swayed 
the Battle of Britain in England’s favor. As one 
Englishman has put it. 
but knew where to put them.” 


atmospheric laye1 


noted 
under a 


‘Britain had fewer fighters 
than the enemy 

The ereat advance in radar began, however, with 
the cavity of Randall and Booth, the 
prototype of which they put together with “strings 
and sealing wax” laboratory. Sir 
Henry Tizard brought a prototype to America in 
September 1940, and within six months magnetrons 


Inagnetron 


in a university 


were in full-scale production here. This is not 
merely a story of mass production, but an example 


of enthusiastic creative teamwork. 





The development of the atomic bomb is probably 
the outstanding example of what can be done when 
creative effort is organized and focused upon a sin- 
gle objective—when engineers and scientists work 
closely together as a team to bridge the gap be- 
tween scientific knowledge and engineering re- 
quirements. 

Organized creative technology falls easily within 
the framework of our American political and social 
concepts and reflects our way of life in giving full 
play to the genius of the individual, in giving him 
freedom to exchange ideas with his fellows, and 
opportunity without artificial restraints for joining 
with others in creative work. European observers 
today note what that astute traveler Alexis de 
Tocqueville remarked about American democracy 
in the mid-nineteenth century: that the home 
training of the American child, and his subsequent 
schooling, engender in him an attitude toward com- 
munity action that knows no counterpart else- 
where in the world. The American has a strong 
sense of individuality, but at the same time an urge 
to work with others in the solution of a common 
problem. The concept of civic responsibility has 
nurtured in the typical American an ability to act 
responsibly and creatively in a group—and without 
government decree as the motivating force. 

Against the background of these introductory re- 
marks, I should now like to develop my theme. 
At the outset, the methodology of engineering re- 
search requires definition. I shall assume for the 
purposes of my approach and limited traverse 
that this may be translated, in one-syllable words, 
into “how to get things done’—meaning to de- 
velop new techniques, processes, equipment, or 
products. 

The term “engineering research” requires par- 
ticular attention. Narrowly construed, it might 
mean the determination of more exact and com- 
prehensive values and the measurement of impor- 
tant properties of materials in terms of specific 
uses. Even this restricted definition is evasive and 
debatable, leading as it does to the conclusion that 
most physical research is of this kind. It can be 
pointed out that, since no new laws of thermody- 
namics, for example, have been discovered since 
the pioneering work of Helmholtz, Kelvin, and 
Gibbs, all research in the domain of thermody- 
namics is, a priori, engineering research. I am sure, 
however, that this apparently logical conclusion 
would not be generally accepted. 

Definitions can become an ordeal in semantics. 
Understanding must be reached in practice and not 
in terms of abstract definitions. As a general propo- 
sition, I conceive the area of engineering research 


204 


to be the gap between the knowledge ar 


standing supplied 
that required by 


by fundamental rese; 
the engineer in undert 


carry Out a definite assignment. 


As R. E. Gibson presents the positior 


scientist: 


Scientific research 
private occupation which eludes all attempts t 
under control of conventional management. The ; 
the organization of pure research is, “Don’t try to orga; 


in its most elemental forn 


ize it.’ It is concerned with problems. A research prot 
lem grows in the mind of one man when what he know: 


from experience, intuition or doctrine conflicts with wha: 


he observes. To resolve this conflict, he must an 


experience he has acquired or the doctrine hi 


herited, and reassure himself of their consiste: and 
sufficiency; at the same time, he must refine the process 
of his observation to insure that he really knows wha: 


he is measuring and 
scientific fact. This 


and experimental sc 
nomenon is explaine 


that he has observed a re producibi; 


in a few words describes theoreti 


ientific research. When a new p} 
d in terms of the system of the 


tities and logic which has grown gradually under 
peated analysis and criticism since the time of Bacon 


Newton—the system 
edge’’—we say that 


we call for short “scientific know. 
we understand it.t 


In this spirit the scientist is constantly re-exam- 


ining old precepts as new problems arise throug 
the study of nature, in the writing of books, in t! 
teaching of students, or in the practice of the us- 
ful arts. ‘The theoretical framework of scienc: 


seldom radically 


modified, but rather extend 


Einstein’s speculations did not invalidate the New: 
tonian laws of gravitation when these failed 

comprehend certain observable phenomena. In this 
unorganized and highly individualized effort, t 
creat edifice of scientific knowledge has been cre- 


ated. 


Where basic sc 


ientific research might bh: 


to end, engineering research begins. Increasing! 
the engineer and the scientist appear to operate 1! 
the same area; their guiding philosophy is quit 


different, howevet 


. The difference in objectiv 


in the “think” and the “thing.” An example w! 
serve to clarify this idea. 

Take the scientific problem of ortho and id 
hydrogen, for example, particularly as it relates | 
the design of a system for production and storag 


of liquefied hydrogen. Peculiarly enough, theoret 


cal physicists had 


quantum theory that two different kinds of hya' 
gen molecules should exist and should have 4 


different physical 


temperatures. ‘This peculiarity arises from 
quirement that the thermal energy of rotation ' 
molecules is quantized or, in other words. the de: 


+ Address to Spring Conference, Society fer Pi 


Administration, May 
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predicted on the basis o! 
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properties—particularly at low 
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xcitation can have only certain discrete 
values. called energy levels. Furthermore, some 
s can have only odd energy levels and the 


ree ol 


morecu 
others can have only even ones, depending on 
whether the two nuclei in the molecule have their 


yins parallel or antiparallel. This gives rise to two 
different kinds of hydrogen molecules, those with 
even chergy levels and those with odd, known as 
ortho and para, respectively. Chemically, the two 
jorms are of course indistinguishable, but physically 
they are considerably different—different heat ca- 
pacities, heats of vaporization, enthalpies, and 
entropies. It might be thought that normal hydro- 
ven at room temperature would contain nearly 
equal amounts of the ortho and para forms, but 
this is not the case. At room temperature and 
higher, normal or “equilibrium” hydrogen con- 
tains 79 per cent of the ortho form and 25 per cent 
{ the para. As the temperature is lowered, the 
equilibrium composition slowly changes and is sub- 
stantially 100 per cent para at the liquefaction 
temperature (20° K). If, however, ordinary hydro- 
ven is cooled and liquefied, it retains its room- 
temperature composition unless a suitable catalyst 
is present to allow the conversion reaction to take 
place. In the absence of such a catalyst, normal hy- 
drogen will liquefy with a composition of 75 pet 
cent ortho and 25 per cent para; then, over a 
period of days, it will slowly convert to the equilib- 
rum state of substantially 100 per cent para, 
liberating a considerable amount of heat. The heat 
of conversion is actually greater than the heat of 
liquefaction, and consequently freshly liquefied, 
inconverted hydrogen evaporates very quickly, 
even if it is contained in a perfectly insulated 
vessel, 

I mentioned earlier that theoretical scientists had 
predicted the existence of ortho and para hydrogen 
before such a thing was found in nature; indeed 
this would seem to be one of the most convincing 
achievements of the quantum theory. It remained 
lor the experimentalists to verify the prediction 
and to explore the exact consequences of the pe- 
culiarity. 

But the knowledge thus gained is not sufficient 
lor the engineer who is interested in liquefying and 
‘toring hydrogen with minimum power expenditure 
and vaporization loss. In order to deal expediti- 
ously with the conversion phenomenon, he must 
know the rate of conversion of ortho to para hy- 
drogen over various catalysts for many different 
Conditions of temperature and vas pressure. He 
ust also assure himself of a reasonable lifetime of 
He cotalyst under the conditions that are to pre- 
vail. \Vhat of the effects of traces of impurities 
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such as water vapor or air? Are the physical prop- 
erties of the catalyst suitable? And the heat transfer 
properties? All these and other, similar questions 
can be answered only by engineering research. 
There is no theoretical structure that can be re- 
sorted to for this kind of information: nor are there 
handbooks to refer to in view of the fact that ortho- 
para conversion of hydrogen was only a scientific 
curiosity a scant eighteen months ago. Engineering 
handbooks are compilations of the results of many 
years of engineering research. The researcher of 
today is writing the handbooks of tomorrow. 

The designer of a new piece of equipment is 
fortunate indeed if he can find all he needs to know 
in existing handbooks. Even in the more classical 
areas of engineering research, such as strength of 
materials, heat transfer, fluid flow, and wave propa- 
gation, the information is sketchy at best. With in- 
creasing frequency, as design problems become 
more complex, the engineer must resort to experi- 
mentation to extend the available information ot 
test the accuracy or sufficiency of some essential bit 
of scientific data for use in the problem at hand. 
From this discussion it may appear that engineer- 
ing research is just a special example of applied 
research. I would take no exception to this con- 
clusion. Where the scientist has new knowledge and 
understanding of natural phenomena as the pri- 
mary objective, the engineer is concerned with the 
creation of a “thing” which in the perfection of 
detail can be built repetitively from commercially 
available materials with existing skills for use and 
maintenance. The automobile is one of his great 
monuments, as measured by these standards. 

Our early industrial progress depended largely 
upon the genius of lone inventors. ‘These men, by 
present-day standards, were often neither scientists 
nor engineers. Their efforts were inspired by in- 
tuition and supported by the rare qualities of pa- 
tience and persistence. Their methods were em- 
pirical—trial and error—and thei authority came 
from within themselves. 
stances the prophets of things to come; in the nine- 


They were in many in- 
teenth century their practical achievements laid the 
firm foundations of our major industries. 

Leonardo da Vinci anticipated in the fifteenth 
century many of our modern devices—the machine 
gun, the aerial bomb, the tank, the helicopter, the 
parachute, and double hulls for ships. The first 
sketches of such devices as the flying spindle, the 
circular pulley system, a differential gear, the jack, 
and the water turbine were made by da Vinci. His 
speculations, although reflecting understanding of 
the basic principles of mechanics, were not em 
several centuries. 


bodied in useful devices for 





The two Stanley brothers, one of whom I was 
privileged to know as a neighbor, were successful 
inventors in several fields. To photography they 
contributed the first dry plate. They might well 
have conceived of Kodachrome or Technicolor, 
but I doubt very much if they could have de- 
veloped these into acceptable use. Their steam- 
driven automobile was a great achievement, but a 
turbo-jet would have been beyond their reach. 
Such statements do not, however, deny inventive 
genius a vital place in the changing scene, as 
attested by the number of patent applications filed 
each year in the major fields of industrial research 
and engineering. The organized effort that has 
succeeded to the role of the Edisons and the West- 
inghouses makes good use of inventive talents. The 
fundamental scientist must often rely upon in- 
tuition for a first glance into the unknown, and use 
the empirical methods of the inventor where sci- 
entific understanding is for the moment lacking. 

Engineering research has thus largely replaced 
the inventor, but his talents have been absorbed, 
not discarded. The increasing complexity of en- 
gineering goals demands something more than in- 
tuition and inventive inspiration. 

The new working alliance between the scientist 
and the engineer has found one of its finest and 
most fruitful expressions in the development of 
scientific tools. A trip through our postwar labora- 
tories—industrial, government, or university—can- 
not fail to impress upon anyone the greatly in- 


creased dependence of investigation upon instru- 
ments. The newer instruments of physical research 
were previously cobbled and put together in a 
makeshift way. There is now very much in evidence 
apparatus that has been highly engineered, with 
meticulous attention to details of design, making 
for reliability in measurements and for use by other 


than the most highly skilled scientist. Fortune vq. 
zine in its December 1952 issue notes that these ay 
today about thirty United States firms turni: + oy 
a dozen or more laboratory mechanisms th 
over $10,000. Supplying our research laboratories 
with engineered scientific tools has beco: big 
business. The Fortune article notes four of these as 
being in the forefront of this new era: X-ray dif. 
fraction equipment, the mass spectrometer, th; 
ultracentrifuge, and the Collins helium cryostat 
These instruments are playing a most important 
role in the new methodology of engineering re. 
search, of which they themselves are the product 
as the tools of both the scientist and the enginee; 
they speak the language of both, which is numbers 

With improved communication, all barriers ar 
breaking down. Creative technology is 
largely dependent for its achievements upon a hy- 
brid, the scientist-engineer. Which talent of this 
dual personality comes first in title depends o 
whether the individual is at a given time oriente 
toward the “think” or the “thing.” 

In this new era of creative technology, 
neer has become increasingly dependent upon th 
scientist, whose progress he no longer follows at « 
distance, but with the intimacy of the next-door 
neighbor. At the frontier of every art, the enginee: 
is restricted by lack of understanding, data, o 
material. He may clearly perceive the direction i 


Cost 


today 


the engi- 


which improvements may be achieved or revolu- 
tionary developments accomplished, but before hi 
can pioneer, the scientist must explore and achiev 
understanding. The scientist, in turn, is increasing] 
dependent upon the engineer for the design an 
construction of essential tools and for the challeng: 
to push forward the frontiers of knowledge. This 
interdependence is significant for the future of bot! 
scientific discoveries and engineering progress 
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Soil, Animal, and Plant 
elations of the Grassland, 
Historically Reconsidered 


JAMES C. MALIN 


Dr. Malin’s ecological studies have appeared several times in THe ScieENTIFI 
MonTHLy, but in his present article he appears in his proper guise as a his- 
torian. His discussion is based on a paper presented before a joint session of 


I 


AAAS Section G, the Ecological Society of America, and the Grassland Re- 


search Foundation in a symposium on “The Western Range,” 


which was held 


during the 1952 Annual AAAS Meeting in St. Louis. Dr. Malin ts a professor 


|. The Problem of Method and Point of View 


HEN a historian appears on a scientific 
program, it may be appropriate to ask 
some questions. What is science? What 
is history? The answer to these questions is not 


necessarily difficult. In dealing with the field sci- 
from the laboratory. sci- 


ences, as distinguished 
ences, history and science may be only different 
facets of the same thing. Nowhere is this fact more 
relevant than when applied to any consideration ot 
natural resources. 

But, again, a question. What is a natural re- 
source? The answer is that the properties of the 
earth become natural resources only as they in- 
volve man and are utilized by him. Without the 
intervention of man, although particular properties 
are actually present, they are latent, or unrealized 
\ natural resource is not determined by the prop- 
erties of the earth, per se, but by the qualities of the 
mind of men. The first requisite of a natural re- 
source is an idea. There are no known limits, there- 

to the multiplication of natural resources of 

‘earth, and exhaustion of them is impossible. 

pt, or unless, the capacities of man are ex- 
usted—the capacities through which the latent 
properties of the earth are discovered and thus 
become properties new to man and available to his 
natural resources.' The record of the process 
hich the potential of the earth has been made 

| is within the province of history, and to the 

of it the historical method should apply, re- 

ss of whether the intellectual enterprise is 
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of history in the University of Kansas 


undertaken by the historian or by the scientist. In 
this context, history provides the background and 
prepares the setting, but at that point science may 
take over. Obviously, the boundary lines that have 
become traditional between the several accepted 
intellectual disciplines are artificial, and as they 
were adopted originally only for the purpose of 
making the intellect more effective through spe- 
clalization, they are justified only so long as they 
accomplish, rather than hinder, that purpose. To 
achieve the goal of making the mind most effective. 
intellectual enterprise must possess both perspec- 
tive and depth, and to sacrifice either defeats the 
full realization of the other. History is of particular 
importance in establishing perspective. 

When the problem of history and_ historical 
method are introduced, the time has come to dis- 
tinguish two schools of thought on the subject 
First, the concept ol objective history strives to 
reconstruct historical actuality as completely as 
possible, without respect to any possible use to 
which it might be put. Second, the subjective rela- 
tivist functional notion about history holds that the 
only excuse for its practice is to make it useful for 
some present purpose. ‘To accomplish this func- 
tional goal a selection from the whole corpus of 
historical actuality is made, utilizing only the so- 
called usable part. The great difficulty with this 
method is that the results are almost certain to be 
predetermined by the frame of reference adopted 
before the so-called historical investigation was be- 
gun, only those things being found, or considered 
applicable, that fitted the preconceived hypothesis 
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The requirement of usefulness more often than not 
defeats itself. On the contrary, the first method 
described, the pursuit of knowledge as intellectual 
enterprise, without respect to usefulness, offers 
more probability of turning up something useful. 
although not necessarily anything that was in the 
mind of the investigator when he began. 


II. Illustration: Roe, North American Buffalo 


In order to reduce the problem to something 
tangible, the book by Frank Gilbert Roe, The 
North American Buffalo: A Critical Study of the 
Species in its Wild State (1951), is taken as a re- 
markable example of excellent history that is at 
the same time essential to the scientist and to the 
historian in more ways than the book reviewers 
have thus far recognized. All reviews of the book 
that have come to the notice of the present writer 
have been quite favorable, but in spite of that fact 
the im -ession conveyed is primarily that it is just 
a goo book that should be read sometime. Cer- 
tainly, without the intent of the reviewers, that 
is almost equivalent to damning it with faint 
praise; because Roe’s North American Buffalo is a 
book that is of such outstanding importance that 
anyone interested in the grassland of North Amer- 
ica, whether he be historian or scientist, should 
read it immediately, the whole of it; not only read 
it once, but reread it and digest the contents 
thoroughly. This book should be read not only for 
what is actually said, but it should be studied in all 
its implications in order to search out all the possi- 
ble ramifications. Studied with thoroughness, it 
should become the springboard for a wide variety 
of investigations in several disciplines not even 
contemplated by its author. 

Frank G. Roe is a resident of Canada, and he is 
not a professional historian. He became interested 
in the buffalo problem as a by-product of a study 
of the earliest roads in old England and arrived 
at the unorthodox conclusion that they “were prob- 
ably not originally wild animal tracks; nor were 
the earliest human (Indian) trails of this continent 
(North America] buffalo tracks.” The  contra- 
dictory historical evidence relating to the buffalo 
led him into a fifteen-year study of the buffalo, 
with special reference to the part of the North 
American continent, north of approximately 40° 
north latitude. He devoted only limited attention 
to the country south of the Republican River. An- 
other self-imposed limitation was to exclude scien- 
tific considerations, but no scientist should be mis- 
led into assuming that the book has no value for 
scientists. The facts are quite otherwise. Roe’s 
statement of reasons is fundamental: 
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In dealing with an animal now extinct as a f; 
species in its most characteristic native habitat 
task is to ascertain and classify the historical « 
and not until this has been done can biological 
tion proceed with much profit. 

The evidence collected appears to supp the 
conclusion that some variation did exist within the 
buffalo species. In relation to the long-a: epted 
tradition that the buffalo made general ann: 


grations from the south to the north and 


il Ml- 
return 


such 


Roe has demonstrated conclusively that no 
general movement occurred, especially north of th 
River about the 40th 


Republican country, or 


parallel. He concedes that some such movement 
occurred south of that boundary, but, as a part of 
the self-imposed limitation of the geographical 
scope of his study, he did not undertake to survey 
southern literature intensively. 

Roe’s contention, that the buffalo movement: 
were primarily random wanderings, appears to by 
fully demonstrated. The Indians who were largely 
dependent upon the buffalo followed these ran- 
dom wanderings as best they could. Thus the nun- 
bers of buffalo that might occupy a particular spot 
could be enormous, and damage to vegetatio 
disastrous, but the incidence was not continuous 
There is still an opportunity for other investigator 
to study thoroughly the problem of overgrazing 
drought, and dust storms under aboriginal culture 

Although Roe did not go into the problem o! 
the consequences entailed by his conclusions, it is 
in this context that we learn that surface erosion b 
wind and water was present and upon occasioi 


severe under aboriginal conditions—recurring 
drought, fires, overgrazing, and trampling by ani- 
mals, especially buffalo, as well as the wearing o! 
innumerable paths to watering places. Dust storms 
upon a large scale were not caused by the “plow 
that broke the plains.” 

Roe has demonstrated that the migrations of th 
buffalo were primarily random. But there are oth: 
aspects of his buffalo 
that are not so satisfactory. He challenged the no- 
tion that buffalo changed their direction of mov 
ment deliberately on account of encountering 
sparse grazing, and that they sought out more pro- 
ductive pastures over considerable distances. Yt! 
he accepted the view that buffalo moved betwee! 
the plains and the Rocky Mountains in midlat: 
tudes, and between the rough wooded areas anc 
the plains in the north country. Probably he 
correct in the sense that he ruled out in the firs! 
case the notion of buffalo capacity to make ch vices 
on the basis of memory or instinct akin to ration 


treatment of movements 


alizing from experience, but that does not explain 
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» behavior which he does seem to accept, that of 
ing shelter in timbered areas during the winter 
for shade from the intense heat of the 
A suggestion is offered here that possibly 
jdance may be derived from the physicists’ 
theory of the unpredictable behavior of individual 
jarticles, but the high degree of predictability in 
he sense of statistical probability as applied to be- 
havior of large numbers. 
\Ithough Roe emphasized the fact that he was 
+a scientist and was deliberately excluding sci- 
ific aspects from his book, he did not escape 


kine scientific blunders. One of these may be 
entioned as illustrative of the importance of the 
jstorian’s knowing something about science. In 
discussing the extensive deposits of buffalo bones 
gattered over the plains, which must “have been 
roken, crushed and stamped into the earth,” he 
wggested that: “This also may have some bearing 
nthe enrichment of the soil. A chemical analysis 
{Kansas virgin prairie soils might yield some in- 
resting information” (p. 515, Note 116). He was 
naware of the epoch-making monograph of E. W. 
ilgard, as long ago as 1892, which demonstrated 
nclusively the fact of lime accumulation in soil 
i low rainfall climates, regardless of the parent 
terials from which they were derived.* Such 
xiditions to the lime content of the soil as buffalo 
hones or any other artificial additions of lime to 
me-rich soil contributed nothing to soil properties 


r to productivity. 


the 
buffalo, Roe has demonstrated that the most recent 
not necessarily the best. Joel A. Allen’s book, 
lhe American Bisons, Living and Extinct (1876), 
is among the earliest formal treatments and was 
the best of the lot. Roe demonstrated also that the 
vientist is not necessarily the best authority, both 


In reviewing the literature dealing with 
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Hornaday and Seton being proved quite unreliable 
xcept upon limited aspects of the subject. George 
Catlin, an artist, emerged conspicuously as one of 
the most reliable observers of buffalo and Indian 
lore. Furthermore, Roe’s study made embarrass- 
nly clear that the medium through which a sup- 
posedly scholarly study is published is not neces- 
‘arily an index of its authenticity. Again, Horna- 
ay’s monograph, the work of a scientist, published 
‘ Smithsonian Institution, is the horrible ex- 

This mid-twentieth-century culture is the 
‘ictim of a naive worship of formal training and 
ization, forgetting too much the first princi- 
it competence in any field is grounded in 
he quality of the individual. Roe is not a profes- 


-‘onal historian, and he disavows explicitly any 


‘ientiie pretensions, yet he has produced a major 


historical work that is fundamental to both his- 
torians and scientists. The only plea that may be 
appropriately advanced in this connection is that 
some formal discipline in history and science and 
their respective methodologies might have enabled 
Roe to produce a still better book. There is room 
rebuttal, that the 
requirement of formal methodology and _ training 
might have killed all incentive to write the book. 

As a result of Roe’s study of the buffalo, both 
the historian and the scientist must largely rethink 


for an argument in however. 


the whole problem of the interrelations of the 
buffalo and of man, and of many corollaries or in- 
ferences that are applicable to the grazing of 
domestic livestock on grass. One more point in 
emphasis from Roe may be permissible, one which 
is in a sense the major point of the present paper. 
Roe defined his idea of the relation of history to 
science, and with the qualifications given above, 
that declaration stands as the view of the present 
author: 

The first task is to ascertain and classify the historical 
evidence; and not until that has been done can biological 
investigation proceed with much profit. 


Exclusion Studies 


III. Animal 


Attention is now directed to another type of 
study—this one an experimental project conducted 
in the field. To facilitate objectivity, an English 
work is used, that of V. S. Summerhayes, “The 
Effect of Voles (Microtus Vegeta- 


By exclusion of voles from the test plots 


agrestis on 
tion.” 
over a period of seven years the conclusion was 
arrived at that the vield of dominant grasses was 
increased: 


On the removal of the vole attack the non-dominants, 


particularly the mosses, decreased in abundance, ap- 


result of the 
luxuriant 


increased competition with 
Voles tend to 


a relatively open vegetation, comparatively rich 


parently as a 


the more dominants therefore 
preserve 
in species [‘flowering plants and especially mosses’’] 
This is presumably effected by the direct eating or cut- 
ting up of the aerial parts of the dominants, and by the 
complicated series of burrows below the main surface of 
the vegetation, the formation and maintenance of these 
large tussocks 


turf-like 


the development of 
thick-matted 


burrows preventing 


of grasses like Molinia, o1 growth 


as in Holcus Mollis (p. 45 


The author let the matter rest with those con- 
clusions, and refrained from any policy recom- 
mendations, but the customary policy conclusions 
drawn from such animal exclusion studies are that 
the predators should be exterminated to increase 
the crass yield available for livestock. Such policy 
conclusions do not necessarily follow. The duration 
of the experiment was seven years, but what might 
have been the result if it could have been continued 


209 





one hundred years? The central point is that soil 
as an object of study had no place in the experi- 
ment, yet any assumption about indefinite mainte- 
nance of the increase in yield of dominant grasses 
must be posited upon a parallel assumption of an 
indefinite maintenance of soil productivity. Ques- 
tions that require answers on such a long-term basis 
include the status in the investigation of legumes 
and of deep-rooted forbs, and of the activities of 
animals and of the soil population, all considered 
in relation to the soil as an object of study. Had soil 
been included within the scope of the project 
under consideration, the seven years of effort might 
have meant being seven years further along on the 
study of the changes that occur in soil under the 
conditions of the experiment. What has just been 
said about the particular project under considera- 
tion applies substantially to similar work in the 
United States. 


IV. Man within the Ecosystem 

The process of the expansion of European cul- 
ture throughout the world, a four- to five-century 
drive that has about spent itself, was characterized 
conspicuously by a contempt for the “savage” and 
the “backward” peoples of the globe. No branch 
of that culture was more conspicuous in that re- 
spect than the Anglo-American tradition. Be- 
latedly, the situation is changing, during the mid- 
twentieth century in particular, and re-examination 
of old evidence and discovery of new facts are re- 
vealing fresh perspectives which impart to abor- 
iginal culture a historical significance of outstand- 
ing importance. The conventional or traditional 
concept of the state of nature must be abandoned 

that mythical, idealized condition, in which 
natural forces, biological and physical, were sup- 
posed to exist in a state of virtual equilibrium, 
undisturbed by man. The role of aboriginal man 
within the ecosystem must be recognized as a majo1 
ecological fact. The task of re-examination, largely 
historical in character, cannot be done in a day, 
and it has not been done for the North American 


grassland. 


V. The Great American Desert: Semantic 
Problems, Myths, and Legends 

In dealing with the North American Grassland 
historically, one of the first problems to be met is 
that of the semantics of the word “desert.” Ap- 
proached from the standpoint of the history of the 
usage of the word, many of the difficulties are 
revealed. The meanings varied widely in time, and 
otherwise. In the eighteenth century, and even 
during the early nineteenth century, good usage 
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included the idea of an area that was . 
especially deserted by man—therefore, d. 
though it was covered with forest. Thy 
not necessarily have reference to conseq 
the relations of climate to vegetation; 
Some forest men used the word in such 
as to imply that a lack of trees and runn 
made a desert, even though a grass cover wa 


COV e] 
nanner 


Wate! 


present.” For the accurate interpretation o 
the 


Writter 


therefore. CESSity 


documentary evidence. 
arises of determining what the original obsepy 
meant by desert, as well as the concept that existed 
in the mind of the person using the document 

A major myth developed during the nineteent) 
century, that a Great American Desert 
across much of the western interior of the conti. 
nent, and the label was placed upon some maps 
That fact led to another legend that the myth oj 


stretched 


the Great American Desert was held universally 
but of course that was not the case. At no tin 
were either the literature or the maps in general 
agreement on the existence of a great desert or o 
its extent. In the monumental Atlas of Historica 
Geography of the United States (1932 
C. O. Paullin, ten maps were selected to illustrat 
the development of the cartography of the weste 
United States, bearing dates from 1804 to 1867 
Only two of these used the “Desert” label. P 
the land, 


‘ edited by 


neers, eager to occupy were optimist 
about the possibilities of the country, 
promoters of railways to the Pacific coast, 
describing the route of a rival. 

The gold 1849-59 
stantially to public education in the geography o! 
the West. R. T. VanHorn, editor of the Journa 
Commerce, Kansas (City), Missouri, on Novemb 
10, 1859, commented optimistically that the desert 
of the myth had retreated from Illinois westwai 
and the gold rush of 1859 had finally extinguished 
it, except the Senatorial Desert, which existed on) 
in the Senatorial Mind at Washington.’ 

To put the question more broadly, there was 
general tendency for those who opposed the 1a] 
settlement and development of the trans-Missis 
sippi West to be receptive to the desert myt! 


rushes of contributed sub- 


whereas those favorable to the aggressive westwall 
ill that 


was necessary to make the grassland blossom li} 


the rose was to let in the population. In ai 
editorial in the St. Joseph Gazette, June 14, 
Lucian J. Eastin reviewed explicitly this cor 
in outlook, and the reversal in point of view alt 
the annexation of the Southwest, the open 


expansion were sure and determined that 


emigrant roads, the gold rushes, and the est: 


ment of trade routes. 
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\]. The Problem of Origin of the Grassland 
and Climate Change 


‘lated to the desert myth problem is 


Cosel: 
that of “origin of the prairie.” ‘The single 
nt dealt with here is the factor of fire, whether 


tural, iccidental, or used deliberately by the 
jporiginal population. The notion of the fire or- 
win of the grassland may be dismissed, but in 
yansitional country, so far as climatic and local 
actors were concerned, fire did act generally to 
trict tree growth. Recognizing that fact, some 
portant historical conclusions are in order. Dur- 
w the years following the Civil War, the idea 
ycame widespread that the climate was becoming 
re favorable as’ a settlement. That 
interpretation was a quite reasonable one, if viewed 
qainst the background just indicated. Settlement 
diminated fires, and woody growth spread at the 
The assumption became easy 
that this would until the area 
would support tree growth, if permitted. The fact 
ithe surprising extent of the spread of trees was 


result of 


expense ¢ rf OTAass. - 


continue whole 


nescapable, but the interpretation of the facts in 
ms of climate change was erroneous. ‘The white 
«eupants of the grassland did not understand the 

of the multiple factors in the situation that 


id operated under aboriginal culture; hence, the 
‘interpretation of causal relations. 


VII. Soil as an Object of Study 


[he introduction into this discussion of the sub- 
t of soil as an object of study is a sharp re- 
uinder that the literature from which the history 

i the soil conditions under aboriginal culture and 
European man’s attitudes toward them is as con- 
tadictory as the buffalo literature with which Roe 
dealt. Any clear and reliable understanding of the 
wil problem in its essential historical aspects awaits 
comprehensive historical treatments on a com- 
parable scale. 

Some accounts emphasize the hardness and im- 
pervious character of the soil as found under ab- 
orginal culture, a compactness so repellent to 
water that the rainfall ran off into the streams, 


roducing floods or severe erosion cutting deep 


+ ] ’ ‘yet ’ , 

In his book, Colorado, A Summer Trip (New York, 
it Jayard Taylor gave a vivid description of the 
Kansas eastern 


It is a significant document so far as it 


Ndscape in transition in eastern and 
was 


what he observed. 

‘In Book Three of his book Virgin Land (Cambridgt 
\ ' “a ie oa te 
Mass.: Harvard Univ. Press [1950]) Henry Nash Smith 


rmed the most complete job thus far in con- 


USCI e of 


problems of the desert and of climate change. 


th land policies. 


the 
longitude, 


channels. ‘Thus in upper Canadian River, 
about 103° west Lieut. J. W. Abert 
commented, in 1845, that the prairie, “baked in 
the hot sun, absorbs but little water. .’8 Other 
stressed the soft, yielding character of 
geological structure, and the rapidity of 


accounts 
erassland 
erosion, by water and wind, of the unstable soils.” 

Many of the early travelers and explorers were 
impressed by the such burrowing 


animals as ants, pocket gophers, ground squirrels, 


activities of 


and prairie dogs, and the activities of buffalo dis- 
ruption of stabilized soil conditions. In 1846, on a 
military mission in the opening months of the 
Mexican War, Lieut. Abert commented on the 
activities of pocket gophers along the Santa Fe 
Trail between 96° and 97° west longitude. His 
journal entry for June 28 reads: 

Whenever we rode to the side of the road we noticed 
that our horses would frequently sink to the fetlock, and 


saw on the ground little piles of loose earth formed 
[Four days later he 
more 


by the sand rats, or gophers. 
added]: The mounds of the gophers 
abundant than heretofore, and in several places a num- 
ber of these mounds had been so chose together that the 
lost in the 


were 


distinctness of each was completely mass, 


covering an area of five or six feet 


(his description applied to tall grass prairie, but 
Abert commented later on pocket gophers in the 
Arkansas Great Bend All the country in 
question was in the condition commonly defined 
“in the state of nature.” 


area. 


as “virgin prairie,” or 

In the narrative compiled by the botanist Edwin 
James for the Stephen H. Long expedition of 1820, 
descriptions are given of extensive prairie dog 
towns in what Nebraska and Colorado."! 
Among the most detailed descriptions of prairie 
dog towns are those of Captain R. B. Marcy, cov- 


is now 


ering exploring expeditions on the southern Great 
Plains in 1849, 1852, and 1854, especially the Red 
River report of 1852 which included the valley of 
the South Fork, a stream which the Comanches 
called Prairie Doge Town River. 

‘The contradictory 
both historical and scientific, on these problems 
seems to call for comprehensive investigations of 
both types, not only of the animals, but also of 
soil, as an object of study under the influence of 
these animals, and after they have been eradicated. 
Sites that are known to have been occupied in 
Nebraska and Colorado in 1820 or in Texas in 
1852 might profitably be studied to determine what 
influence such occupation imposed upon the soil. 
Sites might be selected where the date of eradica- 
to determine what has 


character of the literature, 


tion can be. established. 
happened to such soils without the presence ol 


prairie dogs, or of other burrowing animals that 


211 








may properly be studied in the same fashion. Such 
studies as are suggested here require as a_pre- 
liminary step the same type of comprehensive his- 
torical study that Roe gave to the buffalo. Even 
when it is conceded that soil is benefited by such 
animal activities, there is no agreement upon what 
degree of disturbance by animals is advantageous 
to long-term equilibrium. 

In pursuing the ecological literature about the 
grassland another gap is conspicuous—the function 
of deep-rooted plants of the nonleguminous fam- 
ilies. To be sure, there are many studies of roots, 
and noteworthy are those of J. E. Weaver and 
associates, but they are oriented from the stand- 
point of plant ecology, not of soil science. The 
literature of the explorers contains many references 
to the range and distribution of such plants, which 
stand as a challenge to the historically minded to 
investigate certain of them comprehensively in 
relation to soil as an object of study. An example 
that invites investigation is the man-root, a morn- 
ing glory, I pome a leptophylla 
cording to Gray’s Manual of Botany (1889), on 
the “plains of Nebraska to central Kansas, Texas 
and westward.” It produced a root the weight of 
which was given as ranging from 10 to 100 pounds. 
Lieut. Abert described his experience with it in 
1846 while waiting for high water of the Pawnee 
Fork to subside, in the general vicinity of Larned, 
Kansas, about 99° west longitude, in the hard land 
north of the Arkansas A soldier spent 
several hours trying to dig up a specimen under 
Abert’s direction, but the ground was so hard they 
finally gave up and broke it off. The stem, about 
down about 12 
21 inches in 


Torr.), found, ac- 


River.!* 


half an inch in diameter, ran 
inches, then enlarged suddenly to 
circumference, or about 6 inches in diameter, and 
extended about 2 feet deeper. Abert’s comment 
indicated that this specimen was relatively small 
compared with others supposed to grow to the size 
of a man. 

From the standpoint of soil as an object of 
study, what happens to soil when a root expands 
to 6 inches or more in diameter, displacing the 
soil to a depth of three feet or more? When the 
plant died, the root decayed, and the cavity was 
refilled—but how, and how rapidly, and with what 
effect on the soil? What was the 
range and the density of distribution of this plant, 
and its average and maximum life expectancy? 
There were many other grassland forbs, with roots 
of smaller diameter, that penetrated the soil 10 
feet or more. All these deep-rooted plants pen- 


Abert 


mented that the Cheyenne Indians dug and ate 


actual floristic 


etrated the lime accumulation zone. com- 


)1?2 





tne man-root. If they did it generally, 
have possessed more patience than Abe) 
soldier, because the Indian had no iron 
which to dig. Also, such digging substantially dic —a 
turbed the soil. 

Soil should be investigated as an object o! stud: 
under aboriginal conditions as a_prere: te o 
xisting a 
Litlons 


scientific investigations carried out unde: 
conditions, or artificially controlled co: 
Such historical investigations should recognize alg! 
possible factors: aboriginal man; larg mals 
the smaller animals, especially the burrowing ay 
as tha? 
deep-rooted plants. ; 

Again, the Ipomea leptophylla may be used a> 


an example in order to make the discussion mor 


imals; insects that bury themselves in the 


] 


concrete, although prairie dogs, or pocket go 
or ground squirrels might serve as well 

ering the extent of vegetational distribution qua 
titatively, this plant was engaged in a continuous wr 


soil tillage operation. New plants replaced 


old 
ones; new growth in one spot displaced the soil, 
while decay of old roots at another permitted th 
cavity formed in the soil to collapse. But fron 
what directions: From top down, or did the si 

cave in? Or both, on occasion? The vital issue 
that the tillage was continuous, but without ¢ 
stroying the soil cover as mechanical tools tend t 
do, and it was to varying depths; possibly, where ; 
subsurface conditions permitted, the prevailing 
depths were 2—4 feet. Lesser roots penetrated muc! 
deeper. No mechanical tool has been devised | 
cultivation of the soil that can perform a con 
parable job, that can open up the soil body t 





an arti 
August 
‘Mesq 


it fron 


depth of 30 inches or more, and certainly no! 
that can open up the soil to any considerable dept! 


without destroying the vegetational cover. ‘To what 






extent did these processes interrupt or modil\ 1850 t 


theoretical profile-forming tendencies and the lime J p. 69 
accumulation zone? What happens when. the 
factors are removed altogether by eradication pre 
erams or clear-field cultivation? 

From this historical approach to the problem 


of the erassland the conclusion inas been reachi 


that erosion, in the much-advertised sense, 1s n0! 
necessarily the most important aspect of soil co 
servation. In any case, the critical aspects o! s 
conservation vary with particular spots. They ¢ 
pend upon time and space. But, in many respect 
more fundamental than the several facets ol s 
face erosion is more knowledge about soil in: 
comprehensive sense under aboriginal culture, 3 
what happens to soil internally as a conseq 

of the transition from aboriginal occupation 
society—in. the transit 


utilization by modern 
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nimals 


tural tillage by wild animals grazing, by 


r animals and insects. and by the. in- 
of the native legumes and deep-rooted 


» the twentieth-century mechanized regime. 
VIII. Water Table 


Or ontention of the present author, not yet 


forbs 


eiven a full-scale demonstration, is that avail- 
ability of well water for livestock and domestic 
purposes played a role in settlement survival dur- 


ing the pioneer period that may have been even 
decisive than rainfall for and field 
crops. 1] drought decade of the 1930s focused 


ention upon water supplies for cities, and set 


2Tass 


more 


o 
tt 
eolovists to work with a new vigor upon Pleisto- 
cene geology.!® Among the results of such research 
s the conclusion that the water table generally 

sentially stable, varying temporarily with 
fluctuations and local circumstances. Soil 


laced a new emphasis upon the water 


sclenit 
able, assigning to it a role as a soil-forming fac- 
tol Thus, by a rapid succession of events, the 
original proposal, the study of the relation of well 
water to pioneer settlement in the grassland, has 
en given a more fundamental significance ex- 
nding into the far broader issue of the water 
ole in relation to the whole problem of human 
ccupance of the area. The subject is so large as 
to offer research opportunities for a number of 


students equipped for the task. 












IX. Mesquite 
\nother aspect of the problem of man within 
the ecosystem may be illustrated by reference to 
an article “Man vs. Mesquite.” in Life magazine, 
\ugust 18, 1952. The caption under the map read: 
“Mesquite march during last 100 years has taken 
it from small riverside areas in which it grew in 


1890 to the 75 million acres it now covers " 
p. 69). Inquiry concerning the authority for the 


map brought the answer from the editors that 


and a half ago, there 
mesquite} in the U. S., but during the next fifty years 
brought into this country from Mexico by Spanish 
and by wandering herds of wild buffalo. So that, 
scattered stands of 


\ century was hardly any 


poni 
in 1850 (as shown by the map 
liesquite were growing along the creeks and river beds 
of the southwest. This first generation mesquite, how- 


ver, was exceedingly sparse . . . during the great cattle 


dri of the second half of the nineteenth century 
roughly 1860 to 1880), the cattle intensified the mes- 
quit the areas along the watercourses, and extended 
it nto the plains away from the creeks and streams, 
and e then mesquite has fortified its hold on the 
poutl t to cover the area shown in the 1952 dis- 
tn on the map. 


\nother statement on the mesquite history is 
that in the Clements-Shelford textbook Bio-ecology 


‘Ap % 


19 9 
prairies was attributed to a disclimax induced by 


where mesquite in the costal and mixed 


overgrazing which took the form of “a savanna of 
mesquite and cactus” (p. 279). And in still an- 
other place, V. E. Shelford declared: 


For example, the cattle business of the United States 
had its beginning in the gulf coast tallgrass prairie. This 
is an area almost universally mapped as mesquite 
chaparral or savannah and regarded by many as having 
been that type before the white man came to the area 
On the contrary, since cattle eat the mesquite beans and 
fail to digest them, they spread the seed widely and may 
be responsible for the entire savannah. It is well known 
that the mesquite has been spread from south central 
west central Oklahoma by this method.'' 


‘Texas into 


Some historical data may now be brought to 
bear upon the mesquite problem in order to es- 
tablish some factual landmarks. The Stephen H. 
Long expedition of 1820 found mesquite in the 
Canadian River country, and Edwin James, who 
prepared the report of the expedition is credited 
with the first public notice of the mesquite tree.t 
Lieut. Abert “an abundance of mesquite” 
in 1854, growing about 103 
) feet in height in what is now north- 
eastern New Mexico above the headwaters of the 
Canadian River.'' The R. B. Marcy expedition up 
the Canadian River, in 1849, found mesquite just 
east of the Llano Estacado escarpment, the journal 
entry stating that “We found a great deal of the 


found 
west longitude as a 


shrub about 


small mesquite . . . today.” 


Marcy’s return route from Santa Fe, in 1849, 
turned southward down the Rio Grande to Dona 
Ana, thence eastward to the Pecos River down that 
then, skirting the escarp- 


struck northeast- 


stream to the crossing: 
ment of the Llano Estacado, he 
ward across Texas. The mesquite was brushlike in 
the country west of the Pecos, but increased to 
small tree size at that river, and eastward as the 
ascent was made into the high plain and in the 
Big Spring area it attained large tree size. From the 
latter point northeastward, Marcy’s map indicated 
mesquite timber. The second day after Big Spring, 
the route led rolling rather broken 


country. of good soil, and covered on each side 


“over and 
with large mesquite trees.”” Near what he miscalled 
the Double Fork of the Brazos Riv- 
er, Marcy “We have been travelling 


through groves of mesquite timber, with a beau- 


Mountain 


recorded: 


tiful carpet of grama grass underneath, nearly all 
day.” On the next day, on the south side of Double 


Mountain Fork, he continued over 

t R. B. Marcy recognized this fact in his report on the 
Brazos River expedition of 1854, quoting from John 
Torrey, by whom the mesquite species collected by James 


was described and named Prosopis glandulosa 













as beautiful a country for eight miles as I ever beheld. 
It was a perfectly level grassy glade, and covered with a 
growth of large mesquite trees at uniform distances, 
standing with great regularity, and presenting more the 
appearance of an immense peach orchard than a wilder- 
ness. [Heading toward the Brazos River above the mouth 
of the Clear Fork] The mesquite wood and grass con- 
tinued very abundant. 

Four days later, just before crossing the divide 
into the watershed of the West Fork of the Trinity 
River and west of the 98th meridian, mesquite and 
oak openings were reported, with occasional prai- 
ries. In summing up the estimate of his line of 
march as a route for the Pacific Railroad, Marcy 
reported 200 miles “over a gently undulating 
country, with prairies and timber,” springs and 
streams, “in many places covered with large groves 
of mesquite timber, which makes the very best 
fuel,” and later he made a more positive commit- 
ment to the existence of “an inexhaustible amount 
of mesquite timber, which, for its durability, is 
admirably adapted for use as sleepers, and for 
fuel.”’?® 

In 1852, Marcy explored the headwaters of the 
Red River. When west of the 101st meridian on 
the South Fork of that stream he wrote: 

We find much more mesquite timber upon this branch 
of the river than upon the other. Indeed, I have never 
seen much of this wood above the thirty-sixth degree of 
north latitude; but south of this it appears to increase in 
quantity and size as far as the twenty-eighth degree. 
Upon the Canadian river I have observed a few small 
bushes; but the climate in that latitude appears too cold 
for it to flourish well. 

In the same report, in his discussion of the 
Pacific Railroad by the southwest route of his 
exploration of 1849, Marcy wrote that after cross- 
ing the Brazos 
the road skirts small affluents of that stream and the 
Colorado for two hundred miles. . . . Here and there 
prairies present themselves, but this section is for the 
most part covered with a growth of trees called mesquite, 
which stand at such intervals that they present much the 
appearance of an immense peach orchard. They are 
from five to ten inches in diameter, their stocks about 
ten feet in length, and for their durable properties are 
admirably adapted for railway ties, and would furnish 
an inexhaustible amount of the very best fuel. . . .19 

In 1854 Marcy explored the headwaters of the 
Brazos and Big Wichita rivers. From Fort Belknap, 
heading west of north, they passed over “rolling 
country, covered with groves of mesquite trees.” 
The next day they crossed tributaries of Trinity 
River, “all of which were wooded with mesquite, 
and occasionally a grove of post oak seen, with 
here and there a cotton-wood or willow tree along 
the banks.” Later, “On leaving the Wichita, we 
travelled south towards the Brazos for six miles 
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through mesquite groves...” From a low moyp, 


tain near the Brazos, Marcy described the s 


‘Towards the east from this elevation nothine 
flat 


could be seen but one continuous mesquite 
dotted here and there with small patches of op 
prairie, .. .” and on the next day: “The count 
we are now passing is gently undulating and 
ered with mesquite trees.” 

By the time Marcy made this expedition ly 
much impressed by the mesquite and wrot 





ene 


al 


rather comprehensive summary of the subject son 


three to four pages in length: 


In the journeys I had made before upon the | 
I had observed the mesquite tree extending over 
tracts of country, and I had noticed some of its 


dai 


usefy 


properties, such as its durability and its adaptation { 


fuel, but I was never so fully impressed with its 
valuable qualities as during the past summer, 


It covered a great portion of the country over wl 


we travelled. ... 


mar 


It was at this point that Marcy acknowled« 


18? 


that Edwin James, of the Long expedition of 


had given mesquite the first public notice. In com 


mentary upon the range of distribution, Ma 


admitted limitations of information, but ea 
the Rocky Mountains he defined its limits a 
tween 97° and 103° west longitude, and bet 


28° and 36° north latitude; but west of the 


Grande the mesquite flourished best in the \ 
of the Gila River. In the plains, however, h 
marked that the size diminished north of 33 


st 


S NP. 


wee! 


} 
1} 
al 


e [t- 


k 


) 
\ 


to mere bushes at its northern range limits of 3! 


north latitude.$ In its tree form, it ranged 1 


1S 


from 4 to 15 inches, and was not more than ? 


feet in height, and furthermore was “much 


for buildjng in southern Texas and Mexico,” 
ing well preserved in the ruins of old building 


} 
] 


And then Marcy recorded information criti 
the ecological problem, reporting that mes 


quit 


often grew “upon the most elevated arid praine 


far from watercourses.” but it would grow 
upon good soil, and that settlers compete: 
mesquite land.*° 


A second account of the Marcy Brazos explor- 


tion is available in the book of W. B. Par! 
civilian. In many respects Parker’s version 1s 
ilar to Marcy’s, but variation in presentati 
the scenery affords some further enlargeme! 
perspective. Between the Cross Timbers an 
Little Wichita, on July 11, the entry read 

country we had been passing over, since |i 


oni 


e} 


ime 


mn 
ik 


it 


—AVINe 


the Cross Timbers, was a rolling prairie, very thi 


§ Marcy did not leave any account of hav 
plored north of that limit, so he was indicating 
at least only the limits of his firsthand knowledg¢ 
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| and 


find the mesquite trees in great abun- 


timber very scarce. At this point we 


(heir size was given as 4—15 inches in 
and not more than 20 feet tall. These 


diame 
were same specifications as those given by 
\farcy. In addition to its qualities as fuel (burn- 
¢ like hickory wood), Parker added, “and not 
e least is its durability for building purposes 
nvaluable to the future settlers.” 
An entry five days later recorded “ascending in 


northwest course, a rolling country, covered with 
ffalo grass and mesquite timber. || Three 
ys later, approaching the Little Wichita, a belt 
{timber marked its course, ‘‘and in front the wide 
prairie with its yellow coating of buffalo grass, 
studded with the pale green mesquite, a beautiful 
combination for a landscape painting.” Again, a 
few days later: “Our course was Northwest, and 
scending gradually, we came upon a very ex- 
tensive plain, covered with buffalo grass and mes- 
juite timber.” Later on, a course south from the 
inction of the three prongs of the Little Wichita, 
they “entered an extensive plain covered with thin 
arse grass and stunted mesquite timber.” Upon 


C( 
. 


at a spur of the Llano Estacado, they 
ascended it “to a broad level plain covered 
with buffalo grass and mesquite trees, and ex- 


arriving 


~ 


tending as far as the eye could reach in a perfect 
level toward the dim cloud like mountains at the 
head of the Brazos.” Arriving at the escarpment 
f the Llano Estacado August 3, they climbed to 
the top, and looking eastward from an elevation 
estimated at 600 feet above the country below: 
The view was the most extensive and glowing in the 
inset, the most striking that we had enjoyed during th 
whole trip, combining the grandeur of immense space 
the plain extending to the horizon on every side from 
our point of view—-with the beauty of the contrast be- 
tween the golden carpet of buffalo grass and the pale 
sreen of the mesquite tree dotting its surface.?! 
Admittedly, the foregoing survey does not cover 
anything like all the literature, and certainly there 
is no intent to exaggerate the extent of mesquite 
occurrence, but it makes abundantly clear the 
fallacies widely held about the mesquite problem. 
especially those in evangelical conservation circles. 
In order to bring this discussion to a focus, a few 
tentative conclusions are outlined, derived from 
the limited historical data cited from the reports 
of the Long and the Marcy explorations. First. 
in a floristic sense, the geographical range of dis- 
tion of mesquite Prosopis spp. 
‘ame in 1952 as at the opening of the nineteenth 


- : 
trib is about the 


ring up of confusion in the nomenclature of 


gra would require a separate study. 





Possible extensions of 


150 
floristic range appear to be a minor aspect of the 
problem. Second, in a vegetational sense, the quan- 
tity of mesquite at the midpoint of the nineteenth 
was not limited to 


century, or vears ago. 


century was substantial, and 
the banks of streams; upon occasion mesquite 
occupied broad plains and rolling hills in west 
and north central Texas as far west as the Llano 
Estacado. Repeatedly the Marcy descriptions of 
the country indicated extensive reaches of mesquite 
savannah, with occasional patches of open prairie. 
Such language appeared so often, and so explicitly, 
as to be both significant and important. Third, in 
an ecological the focus of interest is the 
chanee in the behavior, or growth form, of the 
mesquite during the century 1852-1952. As an eco- 


sense, 


logical fact, the nature of mesquite occupance in 
much of the region under review changed from a 
savannah to a tangled jungle, in places almost if 
not quite impenetrable. The outstanding ecological 
problem, then, is to find an explanation of the 
how and the why of this change in growth form 
of mesquite and its associates. An accurate his- 
torical study of what has happened, establishing 
in fuller detail the facts of floristic range limits, 
quantity of vegetation, and form of growth, prior 
to the time the Indians handed the land over to 
the whites, may put the ecologist and the range 
manager in a position to attack the question. 

A fourth and fundamental conclusion is the full 
acceptance, as of long standing, of the mesquite 
occupance of the floristic range just indicated. 
Marcy gave the size of mesquite as ranging from 
shrubs to 15 inches in diameter. This in itself 1s 
proof of long establishment. Further evidence of 
the long duration of mesquite occupance in south- 
ern ‘Texas, the portion inhabited by European 
culture, was the reference to mesquite timber 
found in the ruins of old buildings. In 1884, V. 
Harvard compiled a growth-age table for mes- 
quite: a trunk diameter of 7—8 inches, 30 years: 
8-10 inches, 50 years; 10-12 inches, 75 years; and 
over 12 inches, more than 100 years old.** Ac- 
cording to such a calculation, a diminishing rate 
of increase of diameter with age must admit, for 
a 15-inch diameter, a life span of 150-200 years 
or more. As of 1952, that would carry mesquite 
northwest central back in 
possibly more, on the basis 


occupance of Texas 
time 250-300 years 
of the Marcy evidence. This does not take into 
consideration the possibility that earlier trees may 
have grown, died, and disappeared prior to those 
he was describing. 

So far as the buffalo and other wild animals 
operated as a factor in scattering mesquite, they 
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wandered over the whole area for centuries before 
1800. The accounts of the Coronado and De Soto 
expeditions record buffalo in the area about 1540- 
41, 

So far as domestic cattle drives or domestic 
overgrazing were factors, according to the census 
of 1880, neither operated generally in the country 
west of the 100th meridian prior to about 1879. 
The cattle drives northward during the 1850s fol- 
lowed a path just west of the Arkansas western 
boundary, many crossing the Missouri River below 
Kansas City. The cattle business in the plains 
proper awaited the breaking of the Comanche- 
Kiowa Indian Barrier.?* 

The savannah form of vegetation was found in 
other parts of North America when Europeans 
took over the land from the Indians, and studies 
of it elsewhere may be profitable to establish per- 
spective. N. S. Shaler, by profession a geologist, 
but by avocation a historian of the Kentucky 
country, long ago attributed the prairie condition 
of much of the area east of the Mississippi Rivet 
to fire, occurring naturally, by accident, or as an 
instrument used deliberately by the Indians. Shale: 
did not make the mistake of assigning to fire the 
whole responsibility. In some areas, especially west- 
ward as the rainfall diminished, climate was held 
to be decisive. But in the Kentucky country, what 
Shaler described as essentially a savannah stage 


was a preliminary step in the process of reducing 


a dominantly forest area into a prairie. He as- 
sociated the Indian practice with the eastward 
migration of the buffalo sometime after the year 
a.D. 1000 and suggested that had European inter- 
vention been delayed another 500 years, the prairie 
might have been extended to the Alleghany Moun- 
tains. Although Shaler’s is a rather extreme view, 
Roe’s study of the buffalo gives support to the 
factual portion of Shaler’s general contention.** 
Shaler’s dating of the arrival of the buffalo was 
established by excavations he had made in 1868 
around the salt springs at Big Bone Lick, Boone 
County, Kentucky. In succession from about gla- 
cial times toward the present, bone deposits ac- 
cumulated, the modern buffalo species occupying 
the top position—in time, later than the Mound 
Builders, who were not acquainted with the buf- 
falo. 

In the state of Mississippi as of the late 1850s, 
E. W. Hilgard wrote of the country as received 
from the hands of the Indians: 

The herbaceous vegetation and undergrowth of the 
Longleaf Pine Region is hardly less characteristic than 
the timber. Whenever the regular burning of the woods, 
such as practiced by the Indians, has not been super- 
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seded by the irregular and wasteful practice o| 
settlers, the pine 
undergrowth, and during the growing seasor 
like a park, where long grass is often very b 
interspersed with brilliantly tinted flowers (j 


forest is almost destitute . 


The same writer, at another place, c 


the theme under the head of ‘Pasturac: 


Pine Woods’: 


In their natural state, as received from the 
the Indians, the Pine Woods were one ereat pas 
in thinly settled regions, they still are. Nor is 
erally, the ranging of cattle which has destroyed th 
pasturage in other regions, but simply the inj ious 
burning of the woods, at seasons when the fire would 
destroy not only the dry leaves, but also parch the hea; 
and the roots of the grasses. It would seem th 
region comparatively poor in agricultural resour 
maintenance of pasturage should be considered 
of national importance. The Swiss, being unable 
cultivate profitably their mountain slopes, have converted 
them into pastures, these form the basis of their national 
wealth. Why this should not be so with the inhabitant 
of the Pine Woods, I have been unable to discover 
is certain, however, that the pasturage of that region, 
disappearing before the fires at a fearful rate, and that 
those who heretofore have relied on the range, durin 
all but a few weeks in winter, for the support of thei 
cattle, will soon be compelled, as many are now, to rais 
feed for them on their poor soil, which, at present, wil 
but just furnish comfortably the prime necessities of lifi 
for the population itself. The beautiful park-like slopes o! 
the Pine Hills are being converted into smoking desert 
of pine trunks, on whose blackened soil the cattle sec} 
more vainly every year, the few scattered, sickly 
of grass, whose roots the fire has not killed. 


Phe preceding paragraph was descriptive of past 
and present. Hilgard then discussed policy an 


procedures in terms of management: 


It is not the province of this Report to suggest muni 
ipal regulations by which the burning of the woods 
improper seasons might be prevented, or at least, re 
dered of less general occurrence; the evil, however, 1s 
crying one to the mind of every candid observer 
the destruction of national wealth caused by it is s 
enormous as to deserve no less attention certainly, thar 
the improvement of soils. However convenient and ¢ 
fectual may be the burning of the dry grass in order ti 
render the young growth accessible to cattle, that ad 
vantage is certainly purchased very dearly at the cost 
its total destruction within a few years—a policy litt! 
better, in fact, than cutting down a fruit-tree for 
fruit; which appears more especially irrational when w 
consider how easily the advantage could be reaped wit! 
out incurring the enormous waste, by a regular sys 
of burning at times when, as after the first autu 
rains, and more especially in early spring, the grou 
too wet to allow of injury to the roots, while yet 
grass and weeds may be burnt off low enough to 
all practical purposes, and to destroy, at the same 
the Black Jack and Post Oak undergrowth, wh 
equally fatal to the range, with the fire itself. F 
latter purpose, the burning in early spring, when tl 
is rising, would be the most favorable time.?5 
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In udy{ entitled “The Recent Intrusion of 
Forests in the Ozarks,” Beilmann and Brenner 
It ticularly with the eastern and northern 
ind concluded that “Within historic times 
region was a prairie, or at least park-like 
in that the trees were widely spaced and confined 
to the In ex- 
planation of the change from prairie to forest in 
this transitional region they included among the 
factors “the extremely important réle of fire in 


water-courses and drainage-ways.” 


the p rpetuation of the grassland at the expense 
{ the trees.”?® 

In 1939, H. C. Hanson summarized much of the 
modern research literature on the effects of fire, 
especially upon trees. In general, he indicated that 
in transition country the effect of fire was to dis- 
courage trees and favor grass, yet he warned that 
this was not necessarily the case, as fire increased 
the sprouting of some woody plants. White pine 
was badly damaged or destroyed by fire, but long- 
leafed pine was resistant, fire contributing to the 
vegetational structure under 
some conditions.?’ Braun-Blanquet, the leader of 
the Montpellier school of plant sociology, in 
Europe, took the position that “Fire is particularly 
destructive upon very thin, sterile soils and es- 
pecially in the transitional region between forest 
and prairie, where both types of vegetation are 


savannah form. of 


struggling for control.”** 

The role of aboriginal man in influencing the 
mesquite problem has not been given an all-out 
investigation. Insect infestation should not be ig- 
nored.*°** Any pretense at drawing conclusions 


{Some adverse criticism may be made of the Beil- 
study, although the major conclusions 
would not be changed. First, a more critical examina- 
tion is in order of some documentary material used. 
For example, modern scholarship does not accept the 
view that the Coronado expedition of 1540-41 reached 
the Ozark country, and therefore the accounts of that 
expedition have no place in the evidence supporting: the 
interpretation of the Ozarks. Second, no dis- 
cussion is included of whether earthquake disturbance 
may have been a contributing factor through local topo- 
graphical and drainage changes, or ground-water levels 
lo be considered especially would be the disturbance of 
December 1811—March 1812, rated by geologists as of 
tensity equal to the San Francisco earthquake 
comparable ac- 


mann-Brenner 


prairie 


disappearance of salt licks or 
lations of salt occurred elsewhere, so the assumption 
limatic change is not necessarily essential to the 
phenomena. Local changes in drainage and ground 
water incident to white occupation need more careful 
sation, not only here, but as a general problem 


sartlett reported that “The tree seems to. sufle 
the attacks of insects in a similar manner with the 

Harvard pointed out that insects laid eggs in 
quite seeds, which destroyed germination 


now would be premature, but the preliminary 
analysis stated here should suggest possible in- 
vestigations. Such experimental work as has been 
done indicates that the problem is complex, and no 
easy solutions are to be anticipated. The point of 
this discussion is to emphasize the fact that the 
historical perspective on the whole question is 
seriously deficient, and that there is need of a 
comprehensive historical re-examination of the 
mesquite problem on a scale comparable with 


Roe’s North Ame rie an Buffalo. 


X. Sagebrush and Cactus 


The sagebrush problem is similarly the subject 
of contradictory treatment in the printed doc- 
umentary material. Likewise, the tendency is to 
attribute sagebrush to overgrazing, in spite of the 
fact that many of the most significant descriptive 
accounts of the earliest explorers and_ travelers 
run to the contrary.*° An interesting illustration 
is the following from a letter, written July 2, 1854, 
by the Rev. W. F. route from St. 
Joseph, Missouri, westward, to a correspondent 


in St. Joseph: 


Sovakin, en 


the whole country is from the South Pass to this place, 
one boundless sandy plain, for miles every way, stretch- 
ing as far as the eye can see, with nothing but the wild 
sage to break the monotony: over which roll oceans of 
sand uplifted by the roughest winds, fairly darkening 
the horizon from ten to four o'clock every day. making 


traveling truly disagreeable. 


The cactus problem falls into the same category 
of treatment as sagebrush in most range conserva- 
tion literature. But studies by C. W. Cook, and 
by G. T. ‘Turner and D. F. Costello, demonstrated 
that the cactus infestations were not the result of 
related to insect-climate- 


overgrazing, but were 


plant relations.**;Overgrazing must bear justly the 
responsibility of a number of evils, but it has be- 
come a convenient scapegoat for a multitude of 
situations where the proper answer should be “No- 


body knows.” 


XI. Tame Grass 


As Americans, derived from Enelish and con- 
tinental European stock, were primarily a forest 
people, when they met the grassland of the interion 
of the continent, they misunderstood it in many 
ways. Forest man’s concept of grass was condi 
tioned largely by his experience where desirable 
pasture and hay grasses were not generally native 
soil cover, and had to be cultivated like any othe: 
field crop. That outlook upon grass persisted tena 
ciously after the grass country was actually being 
least three variant 


occupied, At misconceptions 
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separately or in combination, are important to 
historical perspective: First, that prairie and plains 
grasses were inefficient in their utilization of soil 
and available moisture; second, the conviction that 
the prairie and plains grass cover always changed 
fundamentally in composition under domestic pas- 


ture; third, that prairie and plains grasses would 


not survive domestic pasturing. Forest man _pro- 
posed and eventually undertook to introduce and 
the the 
learned to depend upon in the forest country 

and the 


cultivate in west tame grasses he had 


timothy, orchard grass, bluegrass, etc., 
clovers—and to search for still better grasses. 
Thus Edwin James wrote as follows: 

little doubt that valuable and 
productive grasses than the native species can with little 
effected by 
burning the prairies at a proper season of the year, and 


There can be more 


trouble be introduced. This may easily be 
sowing the seeds of any of the more hardy cultivated 
gramina. Some of the perennial plants common in the 
prairies will undoubtedly be found difficult to extermi- 
nate, their strong roots penetrating to a great depth and 
enveloping the rudiments of new shoots placed beyond 
The soil of the 
fertile plains is penetrated with such numbers of these 


the reach of fire on the surface. more 


as to present more resistance to the plough than the 
oldest cultivated pastures. 

In his “Notes on Nebraska” printed in 1852, 
Thomas Jefferson Sutherland, a Nebraska Boomer, 
agitating the opening to settlement of the Indian 
country, the present states of Kansas and Nebraska, 
advocated the planting of bluegrass, “On all of 
the lands of the eastern part of the Territory blue- 
grass in luxuriant growth may be produced; and 
there are spots of land scattered all over the plains 
of the west, possessing the requisite fertility of soil, 
for the growth of bluegrass, in any desired per- 
fection.’’*4 

In 1883 Shaler published a paper on the “Im- 
provement of the Native Pasture-Lands of the Fan 
West.” 


the earth having similar characteristics, 


He advocated a search of other areas of 
but also 
he made the following statement: “With the poor- 
est grasses there are generally wide interspaces 
between the tussocks of high growing species. It 
these intervals could be filled with other forage- 
plants, the 
amount of food per acre. 

In Kansas, E. M. Shelton, professor of agricul- 
1874-90, at the Kansas State Agricultural 
and Mechanical College, was in most respects an 


would be a 


9925 


consequences oreater 


ture, 


unusual man, but he could not rid himself of the 
that 
replace the native wild grasses. At the same in- 
stitution, in 1887, W. A. Kellerman challenged the 
assumption that the composition of the native grass 


notion tame grasses must be introduced to 


cover was undergoing a change, the tall grasses 
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driving out the short grasses. He doubted 

the vegetation was changing.*® The forn 
remarks indicates that he was thinking es; 
of floristic range of distribution rather tha: 
titative density of the several species wit! 
vegetational structure under fluctuations 
mate. 

Again, since the drought period of thi 
much of the same debate, with suitable va 
has been carried on in connection with ree 
programs in the Western range country. | 
most part, the decade of the 1940s has been 
able 


longed drought may compel some revalua 


weatherwise for such operations, but 
Once more, it might be appropriate to urg 
comprehensive historical studies of the whole ; 
lem of grass introduction into the grassland ar 
yet to be done. 

The quotation already given from Edwin James 
tame-grass proposal provides an excellent spring 
board for discussion. So far as a bare suegestior 
of the introduction of tame grasses was concerned 
the first sentence quoted would have been suff 
cient, but the remainder of the paragraph provides 
the highly significant context, the clues to the cor 
ceptual equipment with which James viewed th 
problem. 

The agronomist in James suggested how. th 
seeding operation might be accomplished with thi 
least effort 
man he recognized the possible difficulty of killing 


burning. But as an experienced forest 


certain deep-rooted plants by the use of fire. Als 
as a forest man, who was evidently acquainted 
with plowing among roots of trees and brush, | 
was impressed by the numbers and_ formidab| 
character of woody root erowths of the plains 
country. As a technologist, James envisioned t! 
difficulties to be met in attempting to turn | 
plains sod with the iron-shod wooden plow o1 

cast-iron plow of the period. The numbers of th 
roots and the “resistance to the plough” gave hi 
pause. Furthermore, from an agronomic point « 
of clear-tilled fields o! 
crop 


view, James was thinking 
was to b 
But as 


grass, in which a_ simple-stand 
crown—tree of “weeds.” of course. 
ecologist James was deficient, in spite of the 1 
markably accurate and comprehensive charact: 
of his observations, in recognizing and recordil 
all these facts about the strange country he 

visiting for the first time. The thought did nm 
occur to him, apparently, that the presence o! 
these plants in such numbers, and the character 0! 
their woody roots and their deep penetration co! 
stituted a veritable ecological system, and that th 
wide spacing of the grass plants on the surlac 
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ling space with the many species of forbs, was 
integral part of that system. Neither did the 
occur to him, apparently, that to destroy 
of it would work a fundamental change 
the whole system, soil and all, as deep, at least, 
the deepest penetration of any root. This was 
entury before ‘Tansley formulated the concept of 
system, and for all of James’ remarkable 
into so many things essential to this grass- 
stem, so strange to his forest mind, he did 
ticipate anything of the larger concept. 
XIT. Conclusion 

\s the central purpose of this paper is to point 
the role of history in a research program,tt 


‘discussion may properly return to the question 
f method. Casual or random excursions into his- 
torical material to find data that appear to fit a 
reconceived frame of reference, or to serve a 
articular purpose, are not only not sufficient, but 
such procedure is more likely than otherwise to 
ead to erroneous conclusions. Although the con- 


ntion may appear paradoxical, to serve theit 
purpose historical studies must have no purpose. 
In an immediate functional sense they are useless, 
ind must be useless in the same sense that Max 
Planck said of science: “Scientific discovery and 
scientific knowledge have been achieved only by 
those who have gone in pursuit of them without 
ny practical purpose whatsoever in view.”*" This 
lictum applied to science is equally valid as ap- 
plied to history. 

[he documentary evidence for historical studies 
{ the kind proposed here is so contradictory and 
fragmentary that the strictest precautions and 
safeguards must be exercised in its use. It is possible 
to find evidence, especially when removed from 
context, to make a show of proof for almost any 


predetermined conclusion. If “quickie research” 
should arrive at a sound conclusion, it would be 
accidental. Sound = and 
studies are more likely to require a commitment to 


purely comprehensive 

ny years of systematic collection and analysis 
4 data in full context. Furthermore, data must 
be tied explicitly to time and place. Each spot is 
nique in an absolute sense. No one can predict 
what time a historical project may require for 
completion. Although, 
nonths may suffice, the minimum requirement is 


upon occasion, a_ few 


Since this was written a Unesco report has been 


submitting some significant recommendations 


to research programs for arid and desert regions: 


1 Zone Programme: Report of the fourth session of 
lvisory Committee on Arid Zone Research. Royal 

S , London, 29 September—October 1952. Unesco 

\ . oO = 

‘5 Paris, 31 October 1952. 
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more likely to be measured in years, or a long life- 
time. In a perfectionist sense a historical project 
can never be finished. But, within the realm of the 
possible, historical work, as intellectual enterprise, 
can be so ¢ omprehensive and complete as to rendei 
difficult, without danger of immediate exposure, 
any flagrant misuse of evidence by propagandists. 
History need not be written by historians, but who- 
ever writes it must assume the obligation of doing 
it by the most rigorous historical methods. 

[wo other conclusions are pertinent. Every 
vegetational map must be dated historically. By 
that statement is meant that any description of 
vegetation is valid only for a particular historical 
time, and what exists at that particular time is the 
product of the whole situation, which must include 
man, whether he be primitive or so-called civilized. 
The other conclusion is closely related, because the 
vegetation of any specified time and space is an 
aspect of the ecosystem. If upon no other grounds, 
the recognition of man as a factor in the system 
precludes any possible recognition of the concept 
of climax for vegetation, for animals, for soil, for 
man, or for the ecosystem as a whole. Also, the 
traditional concept of succession must be revised. 
Change is the overriding fact, but disturbance of 
any rigid, orderly sequence is incessant, and, obvi- 
ously individual events, whether acts of nature or 
of man, as they impinge upon any particular spot, 
are unpredictable. A temporary tendency toward 
establishment of a “steady state’ is certain of in- 
terruption by the intervention of unpredictable 
events, and, for emphasis, man must be specified 
explicitly because of his characteristic of worrying 
about the future and of devising ways and means 
for trying to manipulate nature. What is said about 
vegetational mapping applies similarly to animals, 
to soil, and to man himself. The state of the ecosys- 
tem at any particular moment is the product of the 
factors of the past that have shaped it; and the 
state existing at that specified moment is the parent 
material upon which, or through which, succeeding 
states are formed—an indeterminate system. 

The present paper is focused upon the past, 
which is peculiarly in the jurisdiction of history 
But there are no Rothamsteds in the United States 

experimental areas, with carefully kept records 
of land use over more than a century. It is time 
such fundamental experimental areas were being 
set up in order that the same statement cannot be 
made in 2055. 

Phe ideal of intellectual enterprise, whether his- 
tory or science, is to attain at one and the same 
time, both depth and perspective. ‘To attempt 
either without the other can lead only to futility 
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HE history of any science may be best in- 
terpreted in terms of two major aspects: 
first, that of the internal trends in the science 
is such; and, second, that of the relations between 
the discipline and the social environment in which 
it evolved. This distinction is not absolute but is 
useful for most purposes, provided that the two 
categories are broken down into meaningful com- 
ponents. The internal aspect includes the assump- 
tions and objectives of scientists, their approaches 
questions asked of nature), methods employed 
logical and technical), foci of interest, necessary 
sequences in discovery, evolving ideas, and so on. 
\lso internal to science is the role of individual 
venius. Pertaining to the environment, in contrast, 
are the social, technologic, and philosophic back- 
grounds. This also involves professional and insti- 
tutional circumstances, and independent develop- 
nents in other sciences.! 
lt was usual, during the nineteenth century, to 
write the history of science largely in terms of the 
former (internal) aspect. Although some attention 
was accorded to professional circumstances and to 
philosophic backgrounds, little heed was given to 
the intricacies of the total social milieu. This over- 
‘ight or indifference was carried so far, at least in 


the case of the medical sciences, as to imply that 

| , Aer ‘ 

these developed within a social vacuum. In ordet 
‘ s article will also be published in full in Cen- 


Vol. 3; Ne; 1—2. 


Association of Unt- 
of the American Phil- 


so phir al Socte f} 


to correct this tendency, much attention has been 
devoted in late years to the “social relations” or 
the “social history” of science;’ but this effort has 
in turn been carried to extremes. One would gather. 
from some recent works, that the development otf 
the sciences was little more than a function of the 
general culture of any given time and place. 

It is not the present purpose to linger with either 
of these extreme interpretations. The view here 
taken is, rather, that the history of science can be 
understood only in terms of a constant interplay 
between internal logic and environment.! ‘The omis- 
sion or even the relative neler t of either of these 
however helpful for immediate analysis—will dis- 
tort any final picture. One may hold, no doubt, 
that the internal story of a science is of primary 
concern because this is the most distinctive aspect 
of its history. It is this which makes biology, biology, 
and not just an indistinguishable thread in a larger 
pattern. Yet even this view may involve emphases 
not fully justified by the evidence 
have been times when environmental factors were 


indeed more potent than internal drives in pointing 


There seem to 


science in a particular direction. 

The analysis of modern medical history which 
follows is intended to present (to bring out, as it 
the interplay in that particular field between 


internal developments. The 


were 
envircnmental and 
sequence employed is more a topical than a chron- 
ologic one, and the treatment will be as compre 


hensive as brevity permits. 








One may recall, to begin with, the influence 
exerted on medicine by the European cultural en- 
vironment as a whole. During the early modern 
era, pervasive changes—to which science was con- 
tinuously related as both cause and effect—stimu- 
lated and transformed various aspects of “natural 
philosophy.” Medicine® then shared with othe: 
sciences (as these are now recognized) the bene- 
fits which resulted from certain trends in European 
life—from trade expansion, the rise of the middle 
class, the revival of Greek science, new intellectual 
outlooks, and so on. One need not review all aspects 
of the sociology of knowledge, or the varied im- 
plications of new perspectives, in order to recall the 
advantages which society gradually extended to 
science during this epoch. Certain it is that, by 
1750, scientific activities were carried on within a 
social and intellectual setting which was far more 
conducive to discovery than had been that of the 
Middle Ages. And it need hardly be added that 
scientists, taking advantage of this, had by that 
time achieved remarkable results in both basic and 
applied investigations. 

Yet the rate of advance varied widely in different 
fields. If one accepts the use of quantitative meth- 
ods as a measure of progress, for example, it is clear 
that dynamics had emerged on a level by 1650 
which chemistry did not attain until after 1750, 
and which clinical medicine had hardly reached 
even by 1850. This meant that between these dates 
different sciences were operating on distinct levels 
of method and of achievement, despite the fact 
that all were immersed at any given time in a 
common cultural environment. Such contrasts 
could be ascribed (1) to differences in the relation- 
ship between the common environment and one 
science as compared to another, and (2) to differ- 
ences in the respective natures of the various 
sciences as such. 

In the case of medicine, the first theme noted 
the particular relation with the surrounding culture 

was of unusual significance. It will be recalled 
that, despite conditions relatively favorable for 
science by 1750, there was still much to be desired 
in this connection. It is true that universities were 
maintained with the help of church, state, and 
private endowments, and that professors in cer- 
tain of these were expected to pursue original work. 
But there was little or no direct financial aid for 
research itself. The very establishment of scientific 
academies was evidence of the inadequacy of the 
older institutions so far as science was concerned. 
In England, at least, few outstanding scientists 
taught in the universities, and the recruiting of 
future investigators was anything but systematic. 


No doubt the rather casual mannet 
research was then supported was more 
than it could be today. The prevailing 
ments were fairly well adapted to the nee 
physical sciences, since most of the latter \ 
in a relatively simple stage of developm 
search procedures were not complex, the n 
technical facilities were simple and inexpen: 
little specialized training was required of inves} 
gators. Under these circumstances professors cou 
manage reasonably well without “outside aid.” ; 


self-trained amateurs could and did do outs din: 


work, 

The relation of medicine to the cultural enyiro, 
ment, however, was less satisfactory. Un] 
physical or the general biologic s« iences, medici 
dealt directly with the most vital interests o! 
kind—with birth and with death—and out of 
situation arose a whole series of peculiar difficultie 
Most obvious, first, was the manner in which ¢! 
use of the human body (as basic subject matte) 
was hedged about by all sorts of moral taboos 
Physical scientists could do as they pleased with test 
tubes and pendulums, but physicians must not e 
periment with living men except within very nai 
row limits. Popular opposition to the dissection : 
even dead bodies lingered into the nineteent 
century, and some abhorrence of autopsies and | 
animal experimentation persists to this day. 

Physicians could, of course, learn somethi 
about disease by a passive observation of the s 
and by cautious experiments in treatment. Bu 
sound generalizations must be based on many cass 
and the traditional “solo” form of medical pract 


small number of patients. What was needed 
an institution in which many cases could be stu 
ied; that is, the hospital. Hospitals, however, ha 
been founded chiefly for humane rather than {i 
scientific ends, and it was not until the nineteen 
century that many of them were so organized as | 
be available for systematic investigations. 

If medical men surmounted the obstacles 1 
moreover, they faced still another difficulty in} 
in what Roger Bacon had once called the “nobilit’ 
of their materials. This was the fact that physiciar 
were under constant pressure to get results quict 
This was not usually the case with physical scie 
tists, because the latter’s findings were rarely oi 
vital concern to the public; hence, physicists, eve! 
though seeking “useful knowledge,” could susp 
judgment and proceed with due caution. But 
would not wait, and so men desired that phys 
reach conclusions without benefit of real vei 


tion. The insistent need for curing illness had 
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nt throughout the centuries, when the state 
il knowledge was such—we can now see 
as it could not possibly meet this demand. Yet 
he attempt had to be made and, what is more, 
r wished to believe that it had at last been 
|. Such wishful thinking led some physi- 
ng the way of groping empiricism, while it 


i med 


en e\ 
SLIC( ess! 


msa 
tempted others to go to the other extreme of un- 
rified speculation or sheer dogmatism in medical 


In addition to the difficulties imposed on medi- 
ne by humane considerations, there were further 
bstacles inherent in professional traditions. In the 
ase of physical science, there was no large and 
ncient guild whose organization or vested interests 
ight retard an effective pursuit of new science. 
it was far otherwise in medicine. Consider, for ex- 
mple, the situation in the United States during the 
nineteenth century. In this country, by guild tradi- 
there were rarely any full-time professors in 
medical faculties before 1900. Within the univer- 
sities, professors of physical science could give all 
their time to teaching and investigation; but medi- 
cal instructors were selected from among the best 
and therefore the busiest—practitioners. 
Such men could pursue original work in their spare 
moments, as could any self-patron; but the truth 
was that they had few moments to spare when lives 
were at stake. Cynics may add that professional in- 
come was also at stake here, but this was not the 
whole story. Even a wealthy practitioner who need 
never worry about “that damned guinea” found it 
wise to seek a large practice for the sake of prestige.’ 

In other words, the traditions of the medical 
guild antedated modern research and only slowly 
adapted themselves to it; hence, few physicians de- 
voted much time to medical science, giving them- 
selves rather to the related art of medical practice. 
Comte summed up the situation, in 1830, in observ- 
ing that the prospects for medical science were as 
dim as they would have been in astronomy if all 
research in the latter had been left to its practi- 
that is, to the sea captains!* 


nown 


tloners 

One may conclude that, although medicine 
shared in advantages enjoyed by science at large, 
it also was handicapped by unsatisfactory relation- 
ships with its social environment. Since this lack of 
rapport was more or less peculiar to medicine, 
wich of the lag in this field between 1600 and 
1800 may be traced to it. But the slow pace of 


medical progress may also be ascribed in part to 
the other major factor; that is, to the internal 
nature or logic of medical science as such. 


the first place, biologic phenomena were in a 


sense more complex than were the physical. This 
was apparently not fully realized in the seventeenth 
century when, encouraged by the succcess of 
dynamics and influenced by the concept of the 
“animal machine,” there was much enthusiasm for 
an experimental and quantitative study of the 
bodies of men and animals. But although the first 
results were encouraging, as in the discovery of the 
circulation of the blood, the iatrophysical and 
iatrochemical schools became bogged down by 1700 
in a morass of obscure phenomena. It was easier in 
dynamics than it was in physiology to isolate prob- 
lems that could be solved in terms of the knowledge 
and techniques then available. Hence the zeal of 
1650 for quantitative concepts and procedures in 
medicine, however sound and prophetic in prin- 
ciple, was of small avail at the time.® 

One may pause here to inquire whether this out- 
come really involved anything more than just 
another case of adjusting medicine to the surround- 
to the 
For if the human body was simply an animal ma- 


ing culture—in this case, other sciences. 
chine, then medicine merely called for the applica- 
tion of physical science to this body. And, in that 
case, medical science could be expected to advance 
only in the wake of the physical. 

That there was some truth in this will hardly be 
denied. Biophysics presupposes an adequate physics, 
biochemistry an adequate chemistry. But this truism 
was not so applicable to early modern medicine as 
it is to that of the present time. This is because 
much of the significant research of the earlier 
period was done in pathologic anatomy and related 
clinical problems, and these fields could make little 
use of either chemistry or physics. Indeed, they 
usually involved only simple observation, without 
benefit of the experimental and quantitative meth- 
ods already taken for granted in the physical dis- 
ciplines. The significance of this is apt to be over- 
looked, if it is assumed that experimentation is 
the only method employed in modern science for 
observing nature.'? 

In other words, a great part of medical research 
prior to 1850 was still necessarily in the descriptive 
stage, even as was that in other biologic sciences. 
Now botanic and zoologic taxonomy presented real 
difficulties, but these were relatively simple in com- 
parison with the complexities associated with the 
taxonomic stage of medical developments. It is 
when one considers this phase of the story that the 
problems inherent in medicine as suc h become 
more apparent. 

Medical thought was in a confused state during 
the eighteenth century. There was some enthusiasm 


i 
for Baconian induction and for the empiricism of 








the Greek clinical tradition. But the Greek heritage 
also involved a theoretic, generalized pathology, 
and learned physicians felt it necessary to defend 
this “rational” theory against the skepticism of the 
“mere empirics”’—a controversy which had like- 


wise been inherited from classical times.’ 
Actually, much medical lore had had an empiri- 
cal origin. Pharmacopoeias were the cumulative 
products of centuries of trial-and-erro1 gropings 
after remedies. The one clearly specific drug known 
cinchona—had had a folk origin. So had the first 


positive measure in preventive medicine-—inocula- 


tion against smallpox. Yet the “rationalists” were 
correct in assuming that progress in medicine—as 
in any science—must in the long run be based on 
principles. And what could these be? 

Since the purpose of medicine was usually as- 
sumed to be the prevention or cure of disease 
rather than biologic knowledge for its own sake 
it was assumed that medical thought must be based 
on a theory of the nature of illness. ‘This theory 
was provided by the prevailing Greek tradition. 
Illness was usually viewed as a condition in which 
the body fluids OI humors blood, bile, Cc. were 
impure or out of balance. Once accepted, this 
theory led logically to a therapy of bleeding, purg- 
ing, and other depletion procedures, intended to 
eliminate impurities or to restore balance in the 
“general state of the system.” Names had long been 
given to the more obvious “clinical pictures” 
(smallpox, great pox, etc.), but there was little 
interest in disease identification. Since it was the 
state of the body which the physician treated, and 
as this seemed much the same in various types of 
illness regardless of any names employed, why 
bother about exact diagnosis?!” 

This view is not in itself to be lightly dismissed, 
as was the wont of medical critics during the past 
century. It involved some shrewd insights or at 
least inspired guesses; indeed, it may present us 
with one of the basic alternatives in outlook to 
which pathology will from time to time return. But 
the point here is that the ancient, humoral pathol- 
ogy, as still accepted in the 1700s, was both vague 
and unconfirmed. Professional discussions of its 
validity, or of that of opposing theories, were remi- 
niscent of scholastic disputes rather than of an 
effort toward verification in the manner already 
established in the physical sciences. No knowledge 
was then available by which the humoral theory 
could be either proved or disproved. Clinical evi- 
dence was cited in its favor: that is, treatments 
based on the hypothesis were often followed by re- 
coveries. But this was obviously the logic of post 
hoc, ergo propter hoc. Such reasoning would hardly 
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have been accepted if medicine had dey 
a social vacuum, but here again one m 
the dense atmosphere of human hopes 

within which physicians actually carried o 

Equally vague and unconfirmable were p 
ideas about the causes of assumed humor; 
tions in the diseased body. Most physician 
as 1850, had only confused notions on th 
They spoke, as had the Greeks, of un! 
habits, of heredity, of poisons in airs and w 
contagion, and of what now would br 
psychosomatic influences. A few were evi 
vinced that infections could be traced to 
“insects” or animalculae. But these expla: 
were rarely verified in any exact manner. 

Indeed, as long as one general state of t] 
was assumed to underlie all illness, there 
great interest in causal factors etiology). For 
illness was viewed as basically of the sam« 
in all cases, physicians focused their attention ; 
this condition. What had originally caused t! 
bilious, the dropsical, or the feverish state of t] 
system Was not so important as was the questio 
of how one dealt with such a condition once 
had appeared. After all, it was for this curat 
function that physicians were desired in soci 
Here one encounters again a limiting social ci: 
cumstance. Physicians did write at times on pt 
ventive hygiene, but laymen usually felt that th 
was a matter of tolklore or common sense. | 
tradition—and this is still all too true physici 
were called in only to cure acute illness. And at that 
stage, etiology seemed to the humoralists to 
largely an academic matter. 

There was, however, another Greek traditi: 
which taught a doctrine essentially different fro 
that of humoralism. The so-called school of Cnido: 
had held that there was no one pathologic sta 
common to all illness. Rather, were there man 
distinct diseases; from which it followed that ther 
were many distinct causal factors—some or 
them specific for particular diseases. Means of pr 
vention, cures, and prognoses were also like! 
be of a specific nature.'’ From this viewpoint 
first purpose of physicians was to disccver thes: 
ferent diseases; for one could hardly seek the « 
and cure of a particular condition until this entit 
was itself identified. 

From the time of Galen until the sixte: 
century the humoralist tradition dominated 1 
icine, and the Cnidian view was recessive. [ust 
why a few physicians then revived emphasis ot 
latter is not clear. Increasing knowledge of 
Galenic, Greek medical literature may have 
something to do with it. There were always cli 
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a. of course, which suggested differences 


{ illness: and it is conceivable that a re- 








oyed attention to these differences resulted from 
Jow but pervasive improvement of observation 

eneral. More definitely, it has been suggested 
hat the discovery of a remedy which was helpful 
sainst only one type of illness implied that this 
vp linical picture”) must be distinct from all 
ers. The only striking instance here was the dis- 
very that cinchona bark was a specific for a cer- 





jin type of fever (malaria), but this one instance 


deep impression on physicians during the 






venteenth century." 

Whatever the explanation, the doctrine of spe- 
ificity was clearly revived and emphasized during 
the latter part of that century. The most sweeping 
presentation was that of the English clinician 
Sydenham, who held that diseases were as real 
ind diverse as were species of plants and animals. 








Each disease entity had its own cause, its own 
atural history, and even—if these only could be 
found—its own cures.'° The optimism implicit in 
this outlook has not always been fully appreciated, 
but it must thereafter have had an increasingly 


stimulating impact upon medical thought. Instead 








continued dependence on the shopworn and 
static doctrines of humoralism—which had all the 
answers—those who accepted the concept of spe- 
cificity could envisage new and promising dis- 






overies all along an advancing front in medicine. 
This is not to claim that it was easy at first to 
dentify diseases, to say nothing of finding specific 
ires for them. It was difficult even to determine 
vhat criteria of identification could be employed. 


Vile 








Svdenham and his successors defined disease en- 
a procedure which had 





tities largely by symptoms 
ilways been vaguely followed in giving names to 
lifferent patterns of illness. But when attempts 
were made to do this in a more systematic and 
exact manner, the effort bogged down in the mul- 
tiplicity of symptoms and their combinations. The 
nosology texts of the later 1700s listed and class- 







ified almost two thousand so-called diseases, but 


these lists involved little more than names for that 
iber of symptom combinations. So confusing 







did this situation become that some medical lead- 
ers of 1800 maintained, or returned to. the view 
that there was only one pathologic state in all 











lorms of sickness.'® 

Fortunately, the energy imparted by the con- 
ept of specificity finally carried medicine through 
the nosologic maze. The route followed was opened 
ip the study of human anatomy. This field, 
cultivated in classical Alexandria and revived dur- 





later Middle Ages, was brought to a flour- 











ishing state during the sixteenth and seventeenth 
centuries. Representing basic research, anatomic 
studies had been motivated in part by artistic in- 
terests or simply by intellectual curiosity. But they 
eventually came to the rescue of a field long con- 
fused by its “practical” focus on the nature and 
treatment of illness. 

As research in normal anatomy progressed, it 
led by an almost inevitable logic into a discovery 
of morbid (pathologic) anatomy as well. The view 
that there was a relationship between disease and 
structural changes within the body was first ex- 
pressed in Alexandria, but was thereafter lost to 
sight during the lone dominance of generalized 
humoralism. Perhaps the possibilities were never 
entirely forgotten in obvious instances: for ex- 
ample, it was suggested even in medieval autopsies 
that crude obstructions might occasion § sickness. 
But normal anatomy had first to be revealed before 
its implications for morbid anatomy could be dem- 
onstrated. From the sixteenth century on, great 
anatomists increasingly called attention to patho- 
logic phenomena encountered in the course of their 
dissections." 

One might now think that such observations 
would have immediately suggested a relationship 
with disease patterns. Actually, however, it re- 
quired more than two centuries to put two and two 
together in this fashion. (It is a truism that scien- 
tific concepts which now appear simple enough 
were originally most difficult to formulate.) In 
this case the delay in relating morbid findings to 
disease may probably be ascribed to two circum- 
stances, the one internal and the other external to 
general medicine. Within medical science, it was 
necessary to know something of the function as 
well as of the form of organs in order to relate 
structural changes to the abnormal functioning 
observed in illness!'® Such a knowledge of phys- 
iology also evolved logically from earlier studies in 
anatomy, but this was a gradual process.'® Not 
until the later eighteenth century, at best, was 
physiology adequate for the purpose here noted. 
Phe first physician systematically to correlate mor- 
bid findings with disease patterns was the Italian 
Morgagni (1761): but even then this approach 
was ignored for decades by physicians in general. 

One may say that. after Morgagni’s time, the 
knowledge of morbid anatomy on the one hand 
and of physiology on the other was potentially 
adequate for revealing a _ relationship between 
structure and disease. But physicians, still thinking 
in terms of a merely humoral, generalized pathol- 
ogy, had to be prodded in some way in order to 
recognize the possibilities of this new orientation. 

















The immediate stimulus, in this case. seems to 
As ‘Temkin 


in the nature of the case 


have come from the surgeons. has 
pointed out, surgeons 
had always dealt with structural conditions. It is 
true that they were usually concerned with such 
external situations as fractures or superficial ex- 
cisions, since a pathology of humors did not call 
for interference within major body cavities. But all 
that was needed in order to provide a complete 
localized, structural pathology was to project sur- 


gical attitudes regarding obvious injuries to in- 


Between 1800 and 1850. progress wa 
the new procedures in the identificatior 
diseases as these are still recognized. In 
of the old humoral theories, or even of va 
tomatic notions like “inflammation of th 
there appeared such relatively specific 
And i: 


notions of vari 


“pneumonia” and “bronchitis.” 
confused symptomatic 
vers” (intermittent, continuous, remitten 
emerged relatively clear-cut concepts o! 


typhoid, malaria, and the like.** 


ternal lesions as well.*° 
Now this transfer of surgical attitudes to physi- 
cians was delayed by social circumstances; namely, 


In consequence, medical research was 1 
about 1850, to undertake the next step, wh 
Sydenham had long before envisaged; that js 
by the separation of these two guilds. Surgeons — seek out specific causal factors and cures of {| 
were long viewed as professionally inferior, and now-identified diseases. Here. again, research 
physicians were therefore not inclined to look to 
them for guidance. Fortunately, professional bar- 
riers began to be lowered during the late eight- 
eenth century, and some leading physicians became 


aided by methods or instruments that could yo 
have been employed prior to identification. Th, 
the microscope could not have been used 

search for specific pathogenic organisms until } 


] 


in consequence familiar with surgical outlooks at diseases to which these were related were cl 


that time. There is contemporary testimony by recognized. Pasteur could never have found or: 
internists that it was this familiarity which finally 
led them to think in terms of a structural pathol- 
ogy. Such a reorientation was most apparent in 
the so-called Paris school after 1800, which was 
largely responsible for establishing the localized, 
structural pathology as the dominant doctrine over 


isms which were causal factors, had he though: 
terms of such vague conditions as “biliousne: 
or “inflammation of the chest.” 

Up to this point, medical opinion had varied 
the almost metaphysical question of the ultin 
nature of diseases.“ Were these, as Sydenham hi 
objective entities—even as plant or animal spe 
Were they something which invaded men’s bo 


the ensuing century.*? 

It was realized, after this time, that a correla- 
tion of ante-mortem symptoms with post-mortem, 
structural findings could reveal disease patterns 
which were more clear-cut and distinctive than 
were those defined by symptoms alone. A great 
impetus was thereby given, not only to autopsy 
studies, but also to the improvement of clinical 
investigations. As has often been said, physicians 
prior to 1800 observed their patients; thereafter, 
they began to examine them. The introduction of 
improved research methods in clinical medicine 
subsequently owed much to the cultural environ- 
ment. as when mathematics made statistics avail- 
able and when technology produced achromatic 
microscopes. But such equipment would have been 
useless in medicine without the revolution in its 
outlook.?2. Actually, certain potentially useful in- 
struments (thermometers, pulse watches) had long 
been available, but had not been employed by 
physicians because they had no interest in exact 
clinical observations. Not until they began to look 
for correlations between subtle, bedside phenom- 
ena and lesions did they desire such instruments. 
And when they did so desire them, the first ones 
such as the stethoscope—owed nothing 


from the outside—a notion reminiscent of anci 
demoniac lore? There was considerable resista: 
to this ‘“‘ontologic”’ 


ogists of the later nineteenth century, who tend 


concept, even among pati 


to think of disease as simply a form of bodil) 
sponse to stimuli. Instead of viewing this as 
volving the bodily “system” as a whole, howe\ 
they now thought of response in particular parts 
in organs, tissues, or cells, depending on th 
toric stage of research involved. 

When specific, pathogenic microorganisms \\ 
discovered after 1875, however, bacteriologists 
first viewed these as solely responsible for relat 
infections. And as long as typhoid bacilli 
thought of as the cause of typhoid fever, 
easy to think of this disease as an objective ent 

incarnate in the bacilli, so to speak, and loo 
in the community. But subsequent developme! 
in immunology and other fields reduced t! 
of pathogenic organisms to that of merely o1 
tor among many, and the concept of dise 
bodily response has once again become domi! 
These trends pertained largely to thought 
employed medicine, but they were also conditioned—d 


to current physics or technology. or accelerated—by the changing environm 
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which medical scientists found themselves after 
aj). Hence, one may turn again, at this point, 
‘othe interaction between internal drives and the 


wocial setting of the nineteenth century. 

If space permitted, much could be said about 
more subtle influences exerted by society on 
medicine during this later era. Prevailing phil- 
psophic outlooks —British empiricism, 
idealism, and French  positivism—all had some 


German 


hearing on the course of medical research, despite 
fact that this was the period when science 
consciously sought to cut itself loose from  phil- 
osophic backgrounds. 

More obvious than the influence of philosophy 
was that exerted by changing social and economic 
conditions. Certain of these changes were favor- 
able. Medicine shared with other sciences the 
various advantages ushered in by the industrial 
revolution—increasing wealth, urban growth, 1m- 
provements in printing, transportation, and tech- 
nology in general. These were the developments 
which made possible the organization of science 
as we now know it; with reference, for example, 
to libraries, societies, and journals. Various social 
factors, meantime, converged to produce the mod- 
ern universities, in which research and training for 
research were happily combined. Medicine profited 
from all this, as it did likewise from the improved 
facilities and equipment which technology placed 
at its disposal. 

Iwo nineteenth-century social trends were ot 
peculiar benefit to medicine—the growth of cities, 
and the cultivation of humanitarianism. ‘These 
combined to produce and improve the large, gen- 
eral hospitals. Although not originally intended for 
the purpose, this type of institution turned out to 
be a sine qua non for the very clinical and path- 
olovic research which was so essential at the time. 
We would have had the hospitals without modern 
medicine, but no modern medicine without the 
hospitals. 

On the other hand, some aspects of social evolu- 
tion were less favorable to medicine. Consider, for 
example, the social reactions of 1825-75 to the 
expanding hospital program of clinical and path- 
logic research. As already implied, it is difficult 
to see how basic progress in medicine could ever 
have been achieved except along this line. Yet the 
program was centered for more than fifty years 
on the identification of diseases, rather than on 
their prevention or cure. Research men were so 
preoccupied with this “pure” research, which had 

mmediate prospect of utility, that they ap- 
tly lost interest in therapy. Moreover, their 





more critical temper led them to discard the older 
remedies, at a time when there was as vet little 
with which to replace them. A spirit of “medical 
nihilism” pervaded the best centers. 

Insofar as this nihilism became known to the 
public, it was not calculated to inspire confidence 
in medicine. There is indeed evidence that this 
period, which we can now see was of the greatest 
promise in medicine, was one in which the public 
had the least confidence in regular practice. One 
of the indications of this was the proliferation of 
rival medical sects, such as homeopathy, “the 
botanic system” (Thomsonianism), and so on 
These sects—like later osteopathy and chiroprac- 
tic—-preserved the old theses of a generalized 
pathologic state or of some single scheme of treat- 
ment, long after these oversimple formulas had 
been repudiated in regular medicine. Then they 
promised the cures which candid regular physi- 
cians no longer believed possible, and so appealed 
to a public which was often in dire need of such 
assurances. 

More serious than popular doubts, moreover, 
was the danger that neither philanthropists not 
governments were likely to support a field having 
little apparent utility. Modern science had early 
been hailed as a means to acquiring “useful” know- 
ledge; and if this was indeed its major purpose. 
why assist it when it failed to serve that end? 

lhe answer to this query was not a simple one. 
Actually, little direct private or governmental aid 
was extended to pure research in medicine 01 
biology prior to 1860. But in relatively aristocrati: 
industrialism. 


countries not yet dominated by 


science continued to benent from the deferenc: 


long accorded to learning as such. Durine the 


Enlightment of the eighteenth century, such def- 
erence had increased and had focused, so to speak 
on the universities. This can be best observed in 
the prestige enjoyed by German or other Continen- 
tal professors, and in the support extended to them 
by thei respective vovernments. It even became a 
matter of pride with some men that their research 
had no relation to “mere utility.” 

In relatively democratic countries, where busi- 
nessmen became increasingly influential, the mid- 
dle classes continued to encourage the pursuit of 
useful knowledge. Conversely, they had little desire 
to support basic research. This attitude could be 
observed to some degree in England. but found 
its extreme expression in the United States; wher 
a “practical” people saw little reason for sup 
porting the “idle curiosity” of pathologists or 
other pure scientists. It is hardly an exaggeration 


to sav that. for most Americans, the word science 









connoted simply applied science or technology.?° 

It is suggestive that in those countries where 
science was highly regarded for its own sake, there 
were notable achievements during the nineteenth 
century. This can be well observed in medicine, 
where the pre-eminence of French and German 
pathologists was widely recognized. Even more 
striking was the manner in which the French and 
Germans dominated medical bacteriology, as this 
held emerged after 1875. At the other extreme, 
again, was the experience of the United States, 
where—despite individual exceptions—the record 
in basic medical research was a minor one. Had 
the matter been left to this country, it is unlikely 
that modern medicine as we understand it would 
ever have evolved. At best, the process would have 
taken a much longer time. In this connection, as 
has been pointed out, American culture was re- 
lated to that of Europe in much the same mannet 
as Roman civilization had once been to that of 
Greece.*! 

The tact that technology made rapid progress 
in the United States might conceivably have led to 
parallel advances in basic science here. Certainly 
there are circumstances in which one can observe 
technology stimulating science, as well as vice 
versa.”*> This was true even in medicine; for ex- 
ample, when a knowledge of brewing and fermen- 
tation played a role in Pasteur’s investigations. 
But whatever was true in special cases, the Amer- 
ican story certainly indicated that technology may 
be successfully cultivated on a large scale without 
much benefit to basic research. It even suggests 
that an extreme devotion to applied science may 
interfere with, or at least divert attention from, 
basic science. Americans were quite successful at 
times in advancing medical practice, as in the in- 
troduction of anesthesia and in other contribu- 
tions to surgery. Yet these achievements did little, 
prior to 1900, to stimulate investigations in med- 


icine as a whole. 


American attitudes were not likely to change 
until medicine—or any other ~demon- 
strated its immediate utility. Fortunately, this was 
just what happened in medicine during the later 
nineteenth century. This is an oft-told tale: of how 
pathology led into bacteriology, and the latter into 
rational sanitation and immunology. So far as 
infectious diseases were concerned, prevention took 


science 


on new possibilities and public hygiene was trans- 
formed. Even curative medicine came to life, with 
the aid of chemistry and pharmacology, in chemo- 
therapy. Meantime, pathology and_ physiology 
opened up the fields of endocrinology and metab- 
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olism, so that prevention, controls, or cure 
available for the deficiency as well as fo 
fectious diseases. 

Last but not least, surgery was transforn 
by anesthesia or aseptic procedures, as 
assumed, but primarily by the advent of + 
pathology. As long as the old humoralis 
vailed, surgery could never be more than a 
trade auxiliary to medicine—for, after a 
could not operate on the humors. But one 
was conceived in reference to localized st) 
like the appendix, then the offending parts 
be removed by operations. And when. this 
realized, surgery shifted from the periphery 
center of medical practice. The discovery ot 
thesia and of aseptic procedures ensued, 
effort to make the most of newly discovere: 
portunities. *” 
medical thought which initiated progress: 


Here, again, it was the revolution 


instruments and procedures followed in the 
of this reorientation. 

Hardly had all these promising development 
appeared before American policies toward medi 
research and practice began to change. Compl 
as the entire story is, one need only recall here t! 
after about 1890 

| 


sectarianism declined 


manner in which licensing r 
tightened, 
and people began to seek admission to hospital 
rather than to stay out of them. Medical researc! 
meantime, played a Cinderella role. Complet: 
neglected by both philanthropy and government 
before that time, it became the chief beneficiary « 


strictions were 


the great foundations during ensuing decades. Ai 
it is obvious enough that government also mov 
This lat 


development, in turn, raised new problems 


into this picture in recent decades.” 


garding the relation of government to medicine 
well as to the other sciences. 

In all this, it was not American attitudes t! 
had changed: it was rather medicine that had be 


transformed. Americans still demanded the use! 
but they were now convinced that even the “p 
est” medical research might become helpful at 

time. And, in consequence, society came to t! 
aid of medical studies in a manner that pro! 


much for the future. 


Implicit in public confidence was a realizati 


that the interplay between medicine and _societ 
had been profoundly modified during recent 
erations. In all that has been recalled here 
the relations between medicine and its en 
ment, the influences noted so far have been 
exerted by society upon medicine. Nothin 
been said, up to this point, about the poss lit 
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that of medicine upon 


rse Influence 
ason is obvious. There was little tangible 
prior to about 1875 that medicine had 
ch impact upon society. In certain re- 
hysicians had undoubtedly been of service 
communities. They had inspired confi- 
ncouraged personal hygiene, and guided 
al sanitation. They had learned how to 
smallpox, to control malaria, and to amel- 
other conditions. Surgeons, meantime, had 


could 


st helpful in emergencies. But over against 
was , 
to # services must be set the damage done by 
LO Tht : s a ¢ 
ations of well-intentioned but too heroi 
anes- ; . ° 
, itioners. No one will ever know how many 
nm a - : 
people lost their lives on the altars of blood- 
d op- 


tting and purging. On the whole, medicine had 


ion in 
bette 


Wak 


obably done more good than ill prior to 1875, 


measurable influence upon society 


little 
merges from such a balancing of values. 
It is clear, that the 


schanged over the past seventy-five years. Medi- 


however, whole. situation 


ments 


edica é : : 
ne has become one of the major factors in un- 


mple: 
death 


and in as- 
sociated These 


nds, of course, have had their effect upon the 


recedented declines in rates 


increases in life expectancy. 
mposition of the population, notably in the 
percentage of elderly people and in the re- 

ne increases in certain chronic and degenera- 

tive diseases. And this, in turn, not only presents 

wther problems in medicine, but also imposes 

As w obligations upon society—trom hospital con- 


nove ‘truction to social security. 


latte In a 


different connection, medicine has con- 
society with still another basic difficulty 
that of medical costs. For the very advances that 
nade medical care more desirable also made. it 
lore expensive; and out of this situation have 
risen the public pressures for health insurance. 
It is apparent, then, that the relations between 
society now involve—for the first 


medic Ine and 


time in history—a fully developed, two-way pro- 
ess. Each influences the other in many and sig 

wavs. The drives within medical science 
meantime, continue to operate as one of the 
lynamic factors in the whole situation. In 
spects, medical thought at the present time 
to be returning to some of the very con- 
uch as that of a generalized pathology 
diseases—which were repu- 
during the 1800s.°* But that is 
‘he interplay between medicine and society 


‘ as in times past, but the components 


n to various 
another 


results of the process are changing rapidly. 


20. Temkin, O. 
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P 
Cont STEWART SCOTT CAIRNS 
LV, Dr. Cairns has been professor of mathematics and head of the department at 
the Uni ersity of Illinois since 1948. For the two previous year he was chairman 
of the de partme nt of mathen atte at Syracuse [ niversity. He has published a 
number of articles in mathematical research journals and has served as con- 
sultant to a number of governn ental agencies, He has taken an active interes 
in the problem of scientifically trained manpower and in the past year has be 
come involved in efforts to trenethen sclentific training tn the publi chool 
HE perennial debate over educational poli- — that Section Q (Education) of the AAAS join with 
‘ cies and principles has in the past few years a few other sections in sponsoring a conference de- 
gone into an acute phase. Speakers and voted to the subject of scientific training in the 
ters have attacked one another’s views, and oc- elementary and secondary schools. He further rec- 
sionally one another, with varying degrees of | ommends: 
Phe dispute has sometimes waxed acrimoni- 1. That such conference be concerned with questions 
and has frequently drifted into irrelevancies. of content, teaching methods, administration, and policy 
view of the acknowledged basic importance of | control in the public schools, especially at the secondary 
7 aig fee level 
subject and in view of its intimate connection ‘ 
; | — 2. That it be planned by a special committee, repre 
fu » sce ve ‘nts, e er be- ; 
future scientihc developments, the write! senting various AAAS sections, on present tendencies i 
es that the AMERICAN ASSOCIATION FOR THE secondary education and teacher training. 
\DVANCEMENT OF SCIENCE should devote substan- }. That the planning committee endeavor to formulat 
attention to it. Accordingly, he proposed last some general recommendations and resolutions to bs 
pt AA . offered to the AAAS as a whole for consideration 
\pril that at the December 1952 meetings there °" , wee eres 
_ ¢ P Ms t That such recomm«e ndations, resolutions, and othe: 
an open and well-organized discussion of cur- appropriate material be published in advance of the meet 
nt educational practices and their relation to the — ing or, if that prove not feasible, be distributed at th 
ences. Correspondence with a number of inter- — U™e thereot 
sted persons revealed, however, (1) that the at- The present articie is restricted primarily to 
mosphere was unfavorablet to a reasonably ob- mathematical training and is thus largely confined | 
ME ; . / as a ay 
ctive debating of the issues. and (2) that there to one special phase of the battle against antl-1n- 
nsufficient time during the few intervening — tellectualism in the schools. The plight of the hu- 
S =) . . . . | 
5 PM onths to achieve the necessarv conditions for a ™anities 1s in a way even more serious than that of 
! ° - , . ; 
. . he sciences, for the latter currently ve the xed 
mposium appropriate to so important and com- ' vabieay CUIKSN have the mixed 
; blessing of an artificial stimulus from defense et 
question. ae 
a , . forts in favor ol adequate scientific training ol st 
he hope that a suitable session for December 
) Pa ; : dents. It is largely in the fields of literature. art. 
0 may prove possible, the writer recommends ; a : 
music, and the other humanities. however, that on: 
P s article is based on an address delivered De- would expect those with intellectual tastes | 
,( Q59 > > . > i } ° . . 1 
, 1952, before the Mathematical Association — whether scientifically minded or not, to find oc 
\merica at Washington University, St. Louis. during . mr , 
PM. thie AAAS Maanialt Wiioceine pation for the leisure time afforded by technologi- 
o J p I «6 cs r P | 
\t the time of his address in St. Louis, the writer cal unprovements and by those medical advances | 
s belief that his proposal had been referred to that continue to increase the average age of the 
sect QO of the AAAS and had there met with an un- population Accordinely. let the scientists not ne 
reception, This was a regrettable error, based lect their humanist colleaeues in the commotr 


nterpretation of certain items of corr sponds nce ' 
i 


. struggle Io IMproy 3 i tl publi chi 
posal had not even come to the attention of the truggle for th improvement of the public s 


Section (), program. 





The Aims of Education and the Needs of Society 


trudence or modesty would lead most of us at 
first sight to shun these large and controversial 
questions and perhaps instead turn to our own sci- 
entific research problems, where we at least have 
the satisfaction of knowing with certainty when a 
has been reached: but the interests of 
the 


prospects for 


solution 


mankind, welfare of our children, and the 


further scientific advance should 


lead us to overcome our reluctance, especially 
when we consider that in dodging these questions 
we are, in effect, answerine them. Decisions will 
of necessity be made somchow, by someone, con- 
cerning the educational program of our schools. 
We have only default, 


we permit vital policies to be determined on the 


ourselves to blame if, by 


basis of improper criteria in the hands of persons 
who, however well-meaning, have a biased and 
only partial comprenension of the issues at stake. 

[t is too much to expect that clear-cut, well-de- 
fined educational aims will be widely adopted for 
the guidance of our public school administrators. 
The guiding principles now most prominently ad- 
vocated constitute a jumble of policies, subsumed 
under the general title of “life adjustment” educa- 
tion. Backed by powertul forces, in a manner to be 
described, “life adjustment” is gaining greater and 
greater prevalence in our country, so that it be- 
hooves us all to examine it carefully and decide on 
the extent to which it should be permitted to per- 
vade the educational system. 


Authoritative information on this movement is 


history, mathematics, and other essentia 

of our intellectual heritage. The latter a) 
which, if neg'ected in the public schoo! 
acquired by only a favored few, and th 
the great bulk of our youth will be “ad 

a very low cultural level indeed. Is thi 
cept of democratic education? Rather, let 

lic schools assume the leadership in an 
tual revival. In a release dated Septe: 
1950, the American Institute of Public 
reported that only 21 per cent of Unite: 
adults read books. Across our northern bi 
Canada, the figure is 40 per cent. It is 45 pet 
lor Norway, and 55 per cent for England 
light of these data, do we really wish n 
thei 
in its true set 


“adjust” our children to environn 


shall we, using “education” 
them into something better? 


The next large issue to be touched upor 


of the educational needs of society and of individy- 


als. How vast is the need of the nation and 1 
world for the truly educated ? How widespread a 
how deep are the thwarted, perhaps unconscio 
intellectual thirsts that now 
sake of wholesale educational experimentatio: 
One might that mathematics, genera 
looked upon askance by the layman, would 


intellectual 


°’oO unsatisfied for 
Suppose 


rare object indeed for such 
Yet, counteracting this impression, conside1 
success of such books as Hogben’s Mathema 


for the Million. Kasner. with his Mathemati 


the Imagination, a recent selection of the Book- 


has fascinated layman. 


Find Club, 


many a 


to be found in pamphlets issued by the Office of | other such examples could readily be cited. Let 


the Federal Security Agency. One 
such pamphlet’ says, “Life adjustment education 


hasten to agree with one objection to the foregou 
argument, namely, that the entertaining: styl 
the successful popularizer bears little resembla 


Education of 


is designed to equip all American youth to live 


democratically with satisfaction to themselves and — to traditicnal classroom presentations. Many 


ture mathematician has been bored to extinct 


profit to society as home members, workers and 
citizens.” Although, in the form here stated, life 
adjustment is a great and noble aim for the public 
schools, grave trouble inevitably arises in its inter- 
pretation and implementation. Clearly, for the 
scholar and for the scientist, living with satisfaction 
to oneself and with profit to society will carry very 
different implications from those conveyed to a 
man devoid of intellectual Alone with 
other critics of modern educational practices, the 
writer recognizes that the narrower, better-defined 


interests. 


academic aims of two venerations ago are inade- 


quate for our existing society, and that vocational 


training, social adjustment, and training for cit- 
izenship are necessary to modern mass education. 
These aspects of schooling should, however, merely 


supplement, never replace, grammar, literature, 


and many a potential amateur repelled by 
dullness of arithmetical and algebraic drill in 
schools. Mathematicians have, however, pla) 
leading role in efforts over the past fifty y 
encourage the teaching of mathematics s¢ 

appeal to the imagination and awaken the int 
Further effort 


which professional educators have cooperat« 


of students. success in these 
depend on training public school teachers s 
they will acquire a genuine appreciation fot 
ematics and so that their understanding \ 
developed well beyond the level at which tl 
expected to teach. Under present conditions 
of them dislike and fear the subject and 

sciously transmit their feelings to their sti 
Let us now pass on to one particular, meas 
MON 
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Pub- 


ntelle : 


pinion 
i States 
rder. 
Cr Cent 
In th 
rely t 


nt, ¢ 


ir national needs—-the critical shortage 
ically trained manpower. ‘Throughout 


shis article, the presentation of numerical data is 
ninin . because the retailing of figures is some- 
vhat boring, because an unbiased canvassing of 
the available statistics would be a mammoth un- 
dertak and because the writer does not wish to 
Facume the vulnerable position of those who se- 
ect. from the wealth of statistical data, an array ot 
yersuasive facts in support of their personal views. 


\ttention is called, however, to Higher Education 
9/7], Dec. 1952]), issued by the Federal Security 
wwency, Office of Education. In an article on “En- 
vineering Education in the United States,’ Henry 
H. Armsby concludes, on the basis of figures from 
the Bureau of Labor Statistics, that “there seems 
no immediate prospect of meeting the current 


ite shortage of engineers.” The practical ex- 
wencies of this situation and the closely related 
shortage of scientists in all fields may prove to be 
the enterine—or the re-enterine—wedge for re- 
toring some of the essentials of mathematics to 
their proper place in the schools. For, as Mr. 
\rmsby points out, “engineering is based on math- 
matics and the physical sciences, and an interest 
nand aptitude for these fields is an important in- 
dicator of success in the profession. However, many 
studies have indicated that the pattern of high 
chool subjects bears little, if any, relationship to 
success IN an engineering college.” 

Even in peaceful times, the demands of modern 
ciety for engineers and scientists would be very 
heavy. As matters now stand, we need hardly be 
reminded that our national security hangs in the 
balance, and that, in the desperate struggle to pre- 
erve it, mathematics and science are crucial weap- 
ms. Our educational shortcomings are thus re- 
vealed not only in the light of a national disgrace 
hut also as a dangerous source of weakness on the 
nternational front. 

\ttention is called to a statement, ‘Policy on 
[raining and Utilization of Scientific and En- 
sneering Manpower,” by John R. Steelman, act- 
ing director of the Office of Defense Mobilization.” 
\tter a clear discussion of the problem, a set of 
ccommendations is made (a) to employers of sci- 
mntists and engineers, (b) to professional engi- 
eers, and (c) to educational institutions. The 
tngineers are urged, among other things. 

yperate with educational institutions in studying 

iacy of existing curricula in the sciences and in 
ng, in developing better teaching methods and 
ng maximum utilization of teaching facilities in 
ind engineering fields. 


cational institutions are urged 


lo make special provision for stude nts who possess ! 
necessary aptitude for engineering work but who lac! the 
courses in science and mathematics prerequisite f d 
mission to the engineering college either because > the 
inadequacy of high school offerings or because t! cir in- 
terest in an engineering career was developed toc late in 
the high school program. 

To strengthen high school curricula in order that more 
high school graduates will be eligible for entrance into 
engineering colleges and to establish closer working a1 
rangements between colleges and universities and high 
schools to the end that both high school students and the 
faculty will became more aware of the opportunities in 
the engineering field. 

Responsibilities are then assigned to a number 
ot agencies, including the Federal Security Agency, 
which is directed to 

Encourage and assist engineering colleges to make spe- 
cial provision for students who possess the necessary apti- 
tude for engineering work but who lack the courses in 
science and mathematics prerequisite to admission eithe1 
because of inadequacy of high school offerings or becaus« 
their interest in an engineering career was developed too 
late in the high school program 

\ssist secondary schools in developing more adequate 
curricula and better teaching methods in order to provide 
students possessing the requisite aptitudes and interests 
with the fundamental education necessary for colleg 


work in science and engineering 


Growth of the Octopus 


There is danger that a description of the oc- 
topus will seem to imply a wholesale attack on all 
colleges of education, on their entire faculties, and 
on all who participate in running the public 
schools. ‘This is far from the intention. To avoid 
so false an impression, let us first cite J. G. Fowl- 
kes, of the School of Education, University of 
Wisconsin. At a farewell dinner for Willard Spal- 
ding, dean of the College of Education of the Uni- 
versity of Illinois, Dean Fowlkes is quoted® as hav- 
ing upheld arts and sciences training as the basis 
of teacher education, saving “It is nothing short 
of tragic that so many prot ssors of education took 
their undergraduate work with a major in educa- 
tion . . . [took] a master’s in education, and a 
doctorate in education . My concern is great 
for the lack of sound general education of the 
elementary teachers in this country.” As the guests 
departed, one educator is said to have remarked t 
another that they might as well have had Bestor* 
or Fuller’ as speaker 

Another important gratifying event has been 
the valuabl cooperation of the College ot Educa- 
tion at Illinois with mathematicians and engineers 
in certain forward-looking projects in secondary 
school mathematics. These will be mentioned late 
in somewhat greater detail 


Least of all would the writer wish to appear to 








be casting aspersions on public school teachers. 
They are our natural allies in the struggle for 
higher standards, and many of them have, not too 
vociferously, expressed a desire that they be per- 
mitted to teach something more substantial and 
to apply higher standards of performance than at 
present, 

But we are neglecting the octopus. This creature 
crew as a byproduct of our national adherence to 
the principle that public education should be 
equally available to everyone. During the past few 
decades, we have seen widespread and well-moti- 
vated efforts to adapt curricula to the varied needs 
all students. At 
ments have experienced a tremendous growth, far 


ol the same time, school enroll- 
out of proportion to the general increase in popu- 
lation. Since 1870, our secondary population has 
80.000 to 6.000.000—that 

and our colleges from 60,000 to 


erown from is, by a 
factor of 75: 
2,300,000, a factor of 38. Meanwhile the popu- 
lation of the country has merely tripled. This tre- 
mendous relative and absolute school expansion 
has created an almost overwhelming educational 
problem. Little wonder that the efforts to deal 
with it have fallen far short of perfection! 

Economic and social developments, rather than 
a thirst for learning, have largely accounted for 
the phenomenon of a rapidly increasing fraction of 
the population wishing to continue school attend- 
ance to a more and more advanced age. The pre- 
dominantly academic interest which dominated 
earlier secondary schools has offered little appeal 
to most of the inflowing students, and, accordingly, 
new curricula have been developed in an effort 
to satisfy the requirements of those with all degrees 
of ability and all types of interest. In such a period 
of change, it is natural that one extreme group of 
educators should advocate a close adherence to 
traditional academic studies, and that an oppos- 
ing faction should desire to scrap the entire cur- 
riculum of the past and start from scratch. Neither 
extreme has quite won a complete victory, but we 
have been led much too far toward the goal of the 
latter. 

Colleges of education have played a leading part 
in the recent development of our public schools. 
Given the enormous task of coping with unprece- 
dented hordes of students, it was natural that such 
colleges should enjoy a vast expansion in both size 
and influence. Their products have flooded the 
educational system as teachers, principals, super- 
intendents, and occupants of powerful posts in 
state The 
quirements and conditions for advancement that 


offices of education. certification re- 


have been established tend to strengthen the con- 


trol of schools of education over the 
teachers, obliging the latter to includ 
programs an amount of course work in ¢ 
methodology and allied subjects that 
cessive In quantity and deficient in substa 
embark, 


eround in subject matter, on their caree) 


these teachers with a minim 


encouraged, for the sake of professional 
to devote some of their vacation time to 
study, with a continued slightine of subj 
favor of 


in educational workshops 


courses in methodology, psychology, an 


There is little to marvel at here. for our elemer 


and secondary school system has so develo; 


true scholarly attainments are not parti 


conducive to advancement. The premiu 
the comparatively nonintellectual phases of 


life, which, although important, make relative! 


light mental demands on either teacher or 


The educationists have achieved power 


merely through local and statewide influence 


also through nationally centralized activities 
U.S. Office of Education, in the Federal Se 


Agency, has proved an influential mouthpiece | 


the advocates of the life adjustment program. 0; 


pamphlet issued by that office® refers in th 
lowing terms to a report, Cardinal Prin 


Secondary Education, by the national Com: 


sion on the Reorganization of Secondary Ed 


tion. 


General, vague, and highly theoretical objectives s 


as formal discipline were rejected for such down-to- 


criteria as social utility, student interest, and 
for individual differences. 

Besides emphasizing a social and practical bas 
this report 


because it was published 


high-school curriculum, seemed 


wider and 


uted by the U. 
It was the first national report to reach the rank 


acceptance 


of the classroom teachers. Moreover, the seven b 


S. Office of Education, [Italics suppl 


jectives of health, command of fundamental proc: 


worthy home membership, vocational education 
competence, worthy use of leisure, and the de 

of ethical character, while general in nature, we! 
the teacher 


task it was to work toward these objectives in the 


ciently real to be well understood by 


room. They were soundly based on sich practical 


siderations as the needs of society, the nature and 
ties of youth, and the findings of educational re 


For a more emphatic illustration of org 
power, we quote from Life Adjustment Kd 
in the American Culture,t which reports 
Conference on Life Adjustment Education 
Washington, D. C., in October 1951: 

t Federal Security Agency, Office of Educat 


pamphlet is referred to hereafter as ““L. A.” 
tion is from p. 66. 


THE SCIENTIFIC MO* 


\ 


HL’ 





ed that: The State has a leadership func- 
wlicing function; the State colleges can serve 
stimulation; the success of a State-wide pro- 
adjustment education depends upon a well 
force at the State level which includes rep- 
from the high school principals, the State 
of Education, teacher education institutions, 
d laymen. 
lso agreed that the States should exchange 
regarding their action programs. The secre- 
national Commission on Life Adjustment Edu- 
requested to prepare a list of no more than 
ntatives from each State in which systematic 
being carried on to improve secondary educa- 


rams. 


The Life Adjustment Movement 


Let us turn next to a brief examination of this 


adjustment movement, behind which= such 
power is concentrated. ‘The program goes also un- 
rthe names of “core curriculum,” “general stud- 
‘and so on. The term core curriculum, which 
nly vaguely defined, refers to a conglomeration 
endeavors cutting across subject-matter lines 
nd related to “real life problems.” It is partly 
«ribed as follows in “Core Curriculum Develo p- 
Problems and Practices.§ 
Some schools went still further in eliminating subject- 
They that the 
ing about the problems which are persistent in the 


believed school should do 


lines 

s of adolescents as members of a democratic society. 
se problems are common to all youth and draw upon 
different subjects for their solution. Working on 

t was thought, would develop the personal and 
| competence of youth. Also, the democratic processes 
pupil-teacher planning and cooperative group work 
h would be used, should develop the habit of reflec- 
thinking and skill in solving problems. Classes were 

block-of-time 

throughout the two or more periods p. 5 


zed on a basis with one teacher in 


thaps the concept of this curriculum can. best 
¢ clarified by quoting one of the several examples 


activities to be found in C. C. (p. 20 


nstruct and interpret a personal health record form 
form, place such items as: height, weight, ill- 
cidents, habits of good hygiene (bathing, brush- 
teeth, washing hair, etc.), problems of health and 
pearance and plans for solving the problems. Use the 


keep a health record. 
fields: Arts, 


ibutive Education, Health and Physical Educa- 
Arts, Mathemat- 


Agriculture, Business Education 


Home Economics, Language 
Music, Science, Social Studies. 
ther examples are of similar character. It 
‘eeling particularly strong, you might care 
them, and, as you do so, ponder on the 
tore concept of mathematics that is being 


d. ‘The authority most quoted in this 


Agency, Office of Education (1952 


referred to as “C. GC.” 


| Security 
hlet will be 


pamphlet, judging from the index, is Harold Al- 
berty, of Ohio State University. In a speech in IIli- 
nois last spring, he included the following topics 
under core curriculum: orientation to schools: 
home and family living; community life: contem- 
porary cultures; America 


contemporary among 


nations; political, social, and economic ideologies; 
personal value systems; world religions; communi- 
cations; resource development; human relations: 
physical and mental health; group and individual 
vocational or- 


planning; science and technology: 


ganization; hobbies; education; war and peace; 
public opinion. What should be taught under these 
ambitious headings is nowhere spelled out. Coupled 
with this impressive mass of topics is the principle 
of pupil-planning, in accordance with which the 
class, by discussion and vote, decides, or helps 
decide, what to “study” next. 

Although a strong aroma of the ridiculous per- 
vades the above programs, let us not scoff at their 
objectives. Efforts to promote the moral and social 
development of students are of primary impor- 
tance. Many behavior problems among capable 
students could, however, be cured by providing 
them with studies to challenge their abilities in an 
atmosphere where there is an immediate incentive 
to scholastic success. The effort to retain everyone 
in school beyond the age ol legal compulsion may 
even lead to increases in juvenile delinquency, in- 
stead of to suitable life adjustment, as a result of 
the 


dents artificially induced to remain in the public 


unrestrained and infectious activities of stu- 
schools. From the viewpoint of the present article, 
there is more cause for concern in the power of 


core curriculum to displace essential studies, as il- 


lustrated in the following quotation from C. C 


p. ) 


subjects that 
that 
English and social studies were the 


classes. of course, had to replace 


Such 


were already in the curriculum, subjects were 1 


quired of all subjects 


usually chosen. with science, mathematics, art, music, o 


health added in some instances. These were basic or corte 


subjects. The new program then became known as _ the 


‘“oeneral education 
total school 
from 


“core curr ulum” or sometimes as 
It had a distinct type of organization in the 
methods differed widely 


program: its content and 


traditional courses 

Note that core curriculum replaces the very heart 
of the traditional academic studies. ‘To quote from 
p. 19 Enelish ot 


combined mathematics o1 


a later “Occasionally 


passage 


social studies is with 


science; infrequently science and mathematics are 


the basis of core Core knows no subject mat- 


ter lines and the problem to be solved may draw 


from any areas of the curriculum that can con 


tribute to its solution.” 














lo emphasize further the expulsive force of 
core curriculum, we remark that Professor Alberty 
has advocated beginning “core” in the junior high 
school with two thirds of the school day devoted 
to it, and continuing it through high school and 


the first two years of college, gradually reducing 


the allotted time to half a day. Meanwhile, inci- 
“health 
project quoted above, the students are expected 


dental to such activities as the record” 
casually to pick up the displaced studies. Even 
where core curriculum has not predominated, the 
diversification of the high school program has been 
accompanied by a growing freedom for the stu- 
dents to choose what they will study and what 


they will omit. Naturally, as the more exacting 


to the detriment of everyone. Indeed, t! 
to those who do not go to college is p 
severe, since the others will at least get 
portunities to fill the more serious gap 
non-college-bound majority are denice 
proper high school education. 

College entrance requirements are ai 
obstacles that have hampered the experi: 
of the life adjusters. Some colleges hav 
mission standards; others, especially stat 
tions, have almost nominal requirements. ‘[} 
justed” students can go to the latter. If a 
in a high school dominated by advocates 


wishes to prepare for college entrance exai 


tions, he swims against the stream. On all 


schoolmates who, in order to become col! 


dents, are required to do little but live long 


courses have become optional, they have lost favo1 
and patronage. Advisers of students tend to warn 
them against the more difficult studies, lest they enough, and in front of the class is a teacher wi 
run the danger of frustration and failure. Warn- has not much time or incentive to help him 
ing lights hang particularly over mathematics and It is rare indeed to find a teenager, however int 
Latin, when the latter remains on the program at — ligent, who will work assiduously toward a dist 


all. Because of the bad psychological effects of — goal while his companions are contentedly loa! 


their way through high ‘school and into colle 


poor grades on some students, the standards for 
all students have been lowered. This is done partly — with no penalty involved save perhaps a medi 
in the name of enhancing the “holding power” of — progress report in which they are at once com; 
the school, which means making it so attractive in mented and slapped on the wrist by bein: 


one way or another that all students will attend they are working below their abilities. 


even after legal compulsion ceases. In general, drill Even the weakest of college entrance requ 

ments are targets for the life adjusters. We quot 
from a pamphlet’ issued through the Office of t 
State Superintendent of Public Instruction in I! 


is tedious, so it is dropped. Minimum demands are 
made on the memory. Why we should shun the 
development of memory as a tool is a mystery dif- 


ficult to fathom! Students are supposed to learn _ linois, 


to reason without knowing facts, but why is it that 
: block of courses must be retained 


If a considerable 
the high school to provide for the preparation of stud 
who hope to go to college, the opportunity to re-eXxal 
the total high school curriculum and to replan 


the needs of all high school 


they should not be obliged to master such useful 
tidbits as the multiplication tables? In English 


tne 


classes, the parts of speech are either not taught 


gram in terms of 


at all or are supposed to be picked up in some in- : 
: ; : thereby curtailed. 
cidental manner—perhaps after ignorance of them 


has hampered students in foreign language courses. We also quote again from L. A.: 


Mathematical instruction has been generally de- It was agreed that college entrance requireme! 
often an obstacle to curriculum change, especially in s! 
schools. Described were the Michigan agreement 
eliminates any required pattern of high school sub) 
and the proposals made in 


pressed to the level of the mediocre, and essential 
topics have been progressively omitted. Powerful 
figures in the educational field repeatedly empha- 

’ for college entrance 


size the acquisition by students of necessary but 5, determining college entrance (on the basis of 2 


tests and the recommendations of high schoo! 


of those fundamentals of algebra, geometry, and — ers). Some States reported that colleges accepted 
school graduates, but doubt was expressed that al 


trivial arithmetical competencies to the exclusion _ basic 


trigonometry required for the most rudimentary : 
; ; a vi : ates were actually equipped for college entrance 
efforts in the field of science. The life adjusters use 
the lopping-off technique of Procrustes. The weak- Chis last sentence belongs in the departn 
ening of mathematics, along with the general sup- understatement. 

It is interesting also to glance briefly at 


pression of other classical academic subjects, has 
called Eight-Year Study, used by many edi 


been partly justified by the false argument that the 
studies in question are good only for the college- ists as a justification for experimentati 
though it purported to be a controlled st 


study, Vol. I of the report, The Story of the 


bound minority. Hence, by a gross misinterpreta- 


tion of democracy. these subjects are crowded out, 
MO)? 
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‘ states: “Everyone invited to serve on 
‘ission was known to be concerned with 
n of the work of the secondary school 
to find some way to remove the obstacle 
ollege prescription.” Little wonder that 

t as a whole is a gold mine for those seek- 
les of statistical fallacies! 
[he encroachments of life adjustment on aca- 

rk do not stop with the high schools, o1 
th the college admission standards. The 


dem 


of the ever-growing octopus now stretch 
angerously toward the colleges and the graduate 
vhools, with state-supported institutions as the 
most vulnerable. This tendency is revealed not 
only in Alberty’s desire for 50 per cent of the first 
two college years but also in the following passage 
L.A 


In order to prepare those who teach teachers to teach, 


tentaci 


pp. 63-64) : 


recommend to graduate schools 


|. That a candidate for a doctor’s degree be counseled 
sto his vocational adjustment, the kind of job he ex- 


ects to get, and the kind of people with whom he will 


That a college and university teaching minor for a 
loctoral degree include such subjects as mental hygiene, 
guidance, and supervised teaching. 

That faculty 
juipped to handle general education courses. 

Phat specialists in one field in the graduate school 
york with and understand the work of specialists in othe: 


members of graduate schools be 


helds 
}. That the graduate school provide real life situations 
lor prospective college teachers under supervision. 
That graduate students be encouraged to help plan 
ses and to evaluate their own work and the work ot 
Instructor 
In this connection, let it be noted that administra- 
tive posts in institutions of higher learning are fre- 
juently filled of late by those with education de- 


OTCES 
The Struggle with the Octopus 


but and 


been the 


vigorous, 
have 
igainst the substandard educational fare offered 


Numerous and sporadic 


lurgely uncoordinated. protests 
to our children. In many communities, parents 
futile efforts to 
the curricula, so 


brine 
that 


have made more or less 


bout a strengthening of 
their children would learn at least some of the fun- 
damentals of grammar, mathematics, and othe 
subjects once considered an obvious part of the 
program. Scientists and scholars have raised then 
voices eloquently and convincingly but, thus far. 
avail. These are, we trust, only the pre- 
skirmishes before the battle proper. 

wild be a task carrving us far beyond thi 
of the present effort to undertake a_bal- 


scussion or even a listing of the principal 


events in the educational controversy. ‘The writer’s 
participation in the battle dates back less than a 
year, when a sequence ol incidents, outlined be- 
low, on the University of Illinois campus led him 
actively into the fray. 

Although no attempt is here made to give a gen- 
eral treatment of the modern educational contro- 
versy, the highlights at the University of Illinois, 
which is by way of becoming a spearhead for the 
attack, will be mentioned. The opening ouns were 
fired by Harry Fuller. protessor of botany, in a Phi 
Beta Kappa address to the Illinois « hapten on May 
10, 1950. The published version, “The Emperor's 
New Clothes, or Prius Dementat,”> appeared in 
THe Screntiric Monruiy for January 195] 
Some months later, Dean Spalding, of the Colles 
of Education, responded in a vituperative address 
on the Illinois campus, during which Fuller was 
characterized as “The Bewildered Botanist.” The 
next address in the spasmodic Illinois series was 
‘“Aimlessness in Education, or Ex Nihilo, Nihi 
Fit,’* by Arthur E. Bestor, of the History Depart- 
ment. The discussion at the end of Bestor’s speech 
turned partly on arithmetical training, apropos of 
the desire on the part of certain educational ex 
essential 
part ol The 
writer was particularly irked by the apparent ar- 
that. 
school children are incapable of mastering the mul 


tremists to remove the three R’s as an 


every normal student’s program 


eument because a certain percentage of 
tiplication tables, the more capable students, as 
well as the incapable fraction, should not be re 
quired to master them. Having, by this argument 
and the cumulative effects of other inc idents. been 
drawn actively into the struggle, the writer joined 
a tew of his colleagues from the College of Liberal 
Arts and March 6, 1952, in 
presentations at an open meeting of the School 
State of Illinois 


Assembly “to 


Sciences on makine 


Problems Commission of | th 


which is charged by the General 


consider and study all germane factors in an ef 
fort to determine the improvements necessary to 
educational standards of the public 
a desirable level.” Although the pros 


these been es 


debated in 


raise the 
schor Is to 


and cons of various events have 


tensively Cre ScreENTIFIG MONTHLY 


and in Illinois newspapers, there is no evidence 
of significant progress, and it appears that much 
more ambitious measures will be necessary. 


Che protests ol the various critics of current 


educational theories are countered in a variety of 


Local organizations of parents are stigma 


ways. 
tized as pressure groups and as either enemies of 


See Note 15 at the end of CIENTIFIC MONTHLY 


article by Bestor 








the schools or as dupes of such enemies. They are 
crackpots, malcontents, and reactionaries with a 
horse-and-buggy philosophy, or else they are moti- 
vated solely by a desire to lower taxes, regardless 
of the effects on the schools. They are also called 
un-American and enemies of our democracy 

which, of course, is being valiantly sustained by the 
L. A., pp. 9-12 
of sinister forces desiring the destruction of our 
schools lends plausibility to this kind of answer. 
Some of these charges were advanced, with vary- 


octopus . The possible existence 


ing degrees of emphasis and directness, by no less 
a group than the National Commission for the 
Defense of Democracy through Education, report- 
ing to its parent group, the National Education 
Association, at the July 1950 meeting of the latter 
in St. Louis. As for the scholars and scientists, they 
are met with the voice of authority. They are, 
perhaps, reputable specialists in their respective 
fields of research, but only the specialist in educa- 
tion is authorized to deliver himself on educational 
subjects. The mathematician, although he may 
have spent his life as a teacher, is rarely to be con- 
sulted on questions in the teaching of mathematics, 
with regard either to subject matter or to manner 
of presentation. It is the educationist, however de- 
ficient in knowledge of mathematics, who must be 
the primary arbiter of both questions. 

In reply to criticisms of educational practices, 
one encounters not only the arguments already 


of any university or all universities, fi 
tacles of the octopus are all-embracing 


Symptoms of Progress 

In this section, I shall restrict mysel| 
symptoms with which I have, in somewhat 
ard fashion, come into contact. The to) 
large to permit an adequate survey on t! 
occasion. At several successive annual mx 
the Illinois Section of the Mathematical 
tion, there were items on the program « 
with secondary school mathematics. Bi: 


1952 meetings, a special committee prepared { 


a panel discussion and worked up a set ol 
tions, one of which ( Resolution II 
the present poor mathematical preparation 
tering college students and put the section | 


ord as approving a general strengthening of 


commented 


ematics offerings at all precollege levels. Resolut 


III provided for ‘a committee of five members 


the Illinois Section of the Mathematical 


tion of America and/or the 


Teachers of 


two classroom teachers of college 


two classroom teachers of secondary school mathe. 


A ccos 
Illinois Coun 
Mathematics distributed as follo 
mathemat 


matics, and one classroom teacher of element 


school mathematics, which committee 
known as the Committee for the Strenethe: 


the Teaching of Mathematics. 


shall 


) 


’ The com 


tee was charged with a specified set of approp: 


mentioned, but also a variety of statements, of duties. It hopes to begin its work by embarking « 


differing degrees of relevance, tending to distract a realistic survey of the mathematics actually bei: 
taught in the schools of the state. 

The College of Engineering of the Universit 
Illinois, handicapped by the poor mathemati 
preparation of its incoming freshman, took sti 


from the main issues. Thus we are sometimes told, 
quite truthfully, that, as far back as man can re- 
member, college faculties have been critical of 
the deficiencies of students coming to them from 
the secondary schools, the apparent implication 
being that, because this is a current, though acute, 


leading to the appointment of a committee 1 
study and report on the situation. This commit 
was composed of engineers, mathematicians 


phase of an immemorial dispute, it can be dis- 


missed with a shrug. representatives of the College of Education. s 


Efforts to suppress criticism have been reported — one result of its labors, a pamphlet was produc 


from a number of reliable sources, though there Mathematical Needs of Prospective Student 


has been no noteworthy attempt to discourage us 
at Illinois from speaking our minds. We have, 
however, been criticized by colleagues for carrying 
the argument outside the confines of the university, 
on the ground that the dispute might prove detri- 
mental to the institution and might undermine 
confidence in public education. It is indeed gener- 
ally politic to settle intramural arguments with a 
minimum of publicity. This is far from being an 
intramural problem, however; it is a grave na- 
tional issue, in which industry, the government, 
and society as a whole all have a vital concern. We 
could not, if we would, settle it within the confines 


the University of Illinois College of Engi 
which is expected to have a strong effect 
creasing the number of entering freshme! 


can immediately take analytic geometry and 
take college physics concurrently with calcul 


next semester. The booklet has been wid: 
tributed and 
in high schools and in other colleges. Incid 
it has aroused the hopes of some secondary 
teachers that they may get something mo! 
stantial to teach than at present. Follow: 
production of the pamphlet, there has | 
preliminary development of tests to meas' 
MO* 
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has awakened considerable inte! 
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on rec. 


| math- 


hers « 


\ssox 


nei 








competencies attained by secondary 
idents. An experimental high school pro- 
plementing the recommendations of the 
t has been prepared by a committee of 
mil mposition to the one mentioned above 
ind has been put into at least partial operation at 
tv High School. These thines are men- 
) illustrate the possibilities of collaborative 
fort among mathematicians, educators, engi- 
rs. and others. 
Earlier in this paper, an article in Higher Edu- 
ition was quoted, to the effect that the pattern of 
high school subjects bears little relationship to 
siccess in an engineering college. At the same 
time, the critical shortage of engineers has led the 
Engineering Manpower Commission, working on 
a wide front and operating through high school 
advisers, to stimulate enrollment in engineering 
colleges. Given an irrelevant high school program, 
s extremely difficult to guess which students 
should be encouraged toward engineering, with 
the result that we can expect an unnecessarily large 
number of misfits. We can only hope that these 
misfits will discover the mistake before too much 
of their own lives and the efforts of their teachers 
has been wasted. With military service just around 
the corner, a boy can hardly afford to embark on 
a college curriculum for which he is ill-suited. Ap- 
titude tests are, to be sure, of some assistance in de- 
termining which students should be advised to 
onsider scientific careers. A high score on such a 
test should, however, be regarded with mixed feel- 
ngs, for it is partly an indication of what might 
have been. It suggests what progress in learning 
the student could have made, had he only been 
confronted with appropriate opportunities in an 
atmosphere conducive to intellectual effort. On 
the other hand, when it comes to discovering po- 
tential scientific talent, a sound mathematical 
ourse may well be more effective, and is certainly 
of far higher value to all concerned than any 
aptitude tests that the ingenuity of man can devise. 


lhe colleges are now generally devoting a year or 
more of mathematical course work to studies that 
belong in the high schools. In the case of engineer- 
ng, where the essential training is largely of a se- 


quential nature, this has the effect of seriously de- 
lavine the entire program of studies. It is to be 
hoped that the Engineering Manpower Commis- 
‘ion will be influential in stimulating the strength- 
ening of mathematical offerings in the secondary 
‘chools. A counterpart of the Engineering Man- 
power Commission, the recently organized Scien- 
tific Manpower Commission, will presumably bend 


its efforts in the same direction insofar as train- 





ine and education in mathematics are concerned 
Proposals for Further Progress 


Although the items outlined here are mer 
symptoms of progress, they may furnish a basis for 
possible activities in other regions, with such im- 
provements as experience may dictate and ingenu- 
ity devise. In general, the writer believes in the 
feasibility and efficacy of collaborative efforts 
among college, secondary and elementary teach- 
ers, and such professional educators as prove co- 
operative. The sections of the Mathematical As- 
sociation of America, the state councils of teachers 
of mathematics, and various other organizations 
can render valuable service. In particular, all pos 
sible resistance should be offered against the drive 
to weaken college entrance requirements. We 
should, on the contrary, strive to build up these 
requirements toward that point where the colleges 
will no longer devote a substantial part of their 
effort to the teaching of high school subjects. As 
another measure, certain to prove unpopular with 
those who want freedom to manipulate the entire 
secondary school program, the writer advocates 
legal guarantees that every student be provided 
with specified educational opportunities in the 
public schools, the specifications to be adopted 
after careful consultation with all interested 
groups. The consultation and the groups consulted 
must not, however, be dominated by professional 
educators, although the opinions of the latte1 
should be considered alone with the rest. Once 
standards are adopted, they must be implemented, 
perhaps by testing procedures like the New York 
Regents Examinations, perhaps with the aid of 
tests devised by Educational Testing Service. o1 
possibly in some other way. 

As a longer-range project, the writer recom- 
mends a large-scale study, perhaps sponsored by 
one of the foundations or by a national agency. 


directed toward analyzing the general problems of 


1. The mathematical competencies considered desirabl 
by colleges of liberal arts. engineering colleges, industrial 
organizations, and government agencies on the part of 
high school graduates, both those bound for college and 
those terminating their formal education with high school.§ 
2. The extent to which the schools of the country art 
meeting these needs. 

3. Measures required to bring about any changes neces 
sary to meet such needs 

t. Determination of the actual and desirable lines of 
demarcation between “high school” and “college mathe 


matics. 


© Such work has been done in the past by highly com- 
petent groups. It should be carefully reviewed and brought 


up to date 











Such a project would involve the services of a 


vroup of mathematicians and other scientists, sta- 
tisticians of the highest caliber, professional edu- 
cators sympathetic to the investigation, representa- 


tives of the general public, and representatives of 
the various groups listed under (1) above. Part of 
the work would consist in analyzing the validity 
of statistical arguments employed to justify some of 
the present practices, and part would consist in 
planning and conducting surveys to furnish an 
adequate basis for conclusions and recommenda- 
tions. 

Finally, the writer wishes to express general sup- 
port for a set of resolutions proposed by his col- 
league Arthur Bestor to the American Historical 
Association, and designed to promote a coopera- 
tive undertaking by the learned societies in all suit- 
able disciplines. His proposal begins with a pre- 
amble expressing alarm at anti-intellectualist tend- 
encies and calling for “cooperation among all the 
learned societies of the country, acting through an 
independent, interdisciplinary Commission — of 
their own creation,” in activities “designed to up- 


hold and strengthen sound, systematic, disciplined 





tain educational principles. A 
‘calls upon its [the AHA’s] sister learned 


intellectual training in the public school 
resolution, in several parts, affirms a beli 


second 


in every field to join with it in creatin 
manent Scientific and Scholarly Comm 


Secondary Education,” adequately finan 


charged with a list of appropriate specifi 


tions. On December 29, 


1952, the Ameri Hic 


torical Association referred the proposal t: 


mittee for further study. 


is 
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SCIENCE ON 


THE MARCH 


RECESSION OF EASTON AND DEMING GLACIERS 


oUNT BAKER, a glacier-crowned  vol- 
canic peak, is located in northwestern 
Washington, about 15 miles south of the 
nternational boundary (Fig. 1 Washington’s 
third highest summit, it rises to an elevation of 
75 feet above sea level and carries at least 
ine large glaciers, all but one beginning at and 
adiating outward from the summit. The Easton 
ind Deming glaciers were selected for study pri- 
narily because of their close proximity to the Koma 
Kulshan ranger station where the writer was em- 
loved by the United States Forest Service during 
he 1952 fire season. These glaciers are accessible 
12 miles of graveled road from the town of 
Concrete to the ranger station, by 10-12 miles of 
so0d trail from the station to Easton Glacier, and 
2 miles of cross-country travel from there to 
Deming Glacier. 
Considerable information is available on Easton 
Glacier, and photographs taken in 1917, 1925, 1931, 
“47, and 1952 strikingly show the recession under- 
one by the glacier. Less information is available 
nm Deming Glacier, but photographs taken in 1931, 
(947, and 1952, and information taken from earlier 
topographic maps provide a fairly accurate record 
{ its recession. 
Glacial Features and Nature of the Recession. 
aston and Demine glaciers coalesce and form 


continuous expanse of ice covering the entire 
uth and southwest sides of the mountain, with 
i single rock outcrop near the top marring the 
listening whiteness. Only at the lower margin, 
vhere ice tongues extend short distances into the 
eys, with bare bedrock ridges lying between, is 
the continuous ice mass separated into 2 distinct 
\n excellent vantage point from which all of 
Deming Glacier can be seen is the open ridge over- 
looking the glacier on the south (Fig. 2). By look- 
a northeasterly direction to the source of 

the two glaciers at the crest of Mount Baker, one 


ar the clean cover of perpetual snow on the 
ipper part; where crevassed, the annual snow 
nerement is exposed in layered bands of varying 


‘ss. Snow and ice accumulating on the sum. 
iteau overflow and descend steeply over the 


K Wall to the upper slopes of the elaciers. 
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Fic. 1. Topographic map of Mount Baker, surveyed in 
1907-08, edition of 1915, U. S. Geological Survey 


Below the wall the crevasses appear, deep wide 
lateral flexures with ice or snow cliffs on the upper 
sides. 

The ice tongue protruding from the Deming ic« 
front flows into the deep cirque lying at the south 
base of the Black Buttes. The walls of the cirque are 
very steep and high, with considerable overhang, 
and snow avalanching down them provides much 


additional nourishment to the glacier. In a riverlike 


manner the glacier swings in a full quarter-circle, 
flowing in a southerly direction and leaving the 
cirque by way of a narrow defile descending into a 
deep canyon. Through the defile the glacier is 
broken by a spectacular icefall. Here the surtace 
snow is displaced and broken into large blocks, with 
the blue glacial ice generously exposed. At the base 
of the icefall where the ice is smoother, Deming 
Glacier turns and flows in a southwesterly direc- 
tion. The terminal zone of the glacier is beyond this 
last turn. 

Within the terminal zone Deming Glacier is 
rapidly wasting, as evidenced by much debris hid 


ing the ice and by the chaotic appearance of the 


241 














Fic. 2. Deming Glacier icefall on July 9, 1942. A large 
meltwater stream flows on bedrock along left side, with 
the Black Buttes on the skyline and Mount Baker at ex- 
treme upper right. Note high ice cliffs just right of center. 


> 


surface (Fig. 3). Intersecting ridges and hum- 
mocks interspersed with closed depressions, all hav- 
ing considerable relief, form the surface of the 
elacier. That the surface debris is resting on the ice, 
closely conforming to surface irregularities, is dem- 
onstrated by the fact that where the debris has 
slumped glacial ice is revealed. Beyond the ice 
front the debris has been “let down,” so to speak, 
by the melting of the ice beneath it, until now it 
conforms with the lesser relief of the underlying 
valley floor. A very milky meltwater stream issues 
from the base of the ice tongue and enters a narrow 


V-shaped stream channel about a quarter o! a 


bic ) Verminal zone ol Deming Glac ie! showing iH 


water stream issuing from the base of the ice. The 


position of the ice was at or near the place where 
stream leaves the barren vlacial trough and turns to tl 


left beyond the line of trees. 
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ond the present terminus. As nearly as can’ where the meltwater stream leaves the barrer 
rmined from a distance, the stream has cut’ glacial trough and enters the old-growth forest 


nnel about 100 feet into the bouldery valley — The 1907 terminus was at an elevation of approxi- 





Si 

ill without exposing bedrock. mately 3800 feet, as compared with a present ele- 
Except at the terminal zone of both glaciers, vation of about 4600 feet. Figure 4 shows the rela- 

meltwater streams are notably absent on the sur- _ tive position of the ice about 1931, when the termi- 


face. Evidently surface streams are unable to flow nus stood 2500—3000 feet behind the 1907 front 
even short distances without interruption by deep The Hamilton and Mount Baker quadrangles 
lateral crevasses. At the base of the Black Buttes, Fig. 5), edition of 1952, show the present-day 
where ice cliffs are numerous, a few large streams terminus about four fifths mile behind the 1907 
emerge, cascading abruptly over rock precipices to position at the edge of the forest 
disappear again beneath the ice. A large stream Three ice tongues or lobes protrude from thi 
emerges from the ice base and flows between the lower margin of Easton Glacier. From their gen- 
southern wall of the buttes and the ice mass, dis- eral relation to the surrounding topography, the 
ippearing beneath the ice after flowing a short lower ends of these ice tongues are many hundreds 
distance on bedrock. of feet short of the advanced position shown on thy 
The 1907 Mount Baker quadrangle map places — 1907 map. Although the two eastern lobes were 
the terminus of Deming Glacier fully four fifths mile — not visited, they were viewed from a distance, and 


beyond the present-day terminus, near the place their earlier positions can be estimated with rea- 
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t. Aerial photograph, about 1931, showing Mount Baker from the southwest. Deming Glacier occupies 

190) Bp it center and flows toward observer. The 1907 position of the ice was at extreme lower end of glacial trouc! 
ee RR oe of forest. Note relatively clean surface of ice at terminus and compare it with debris-laden ice in Figur: 
10 th ti by U. S. Forest Service. 
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Fic. 5. Topographic map of Mount Baker, redrawn from Hamilton and Mount Baker quadrangles, edition 0! 


1952, U. S. Geological Survey. 
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Fic. 6. Huge morainal embankments were deposited by 
ston Glacier when the ice occupied the barren glacial 
ough. Mount Baker in the background. 















nable accuracy from the map and from early 
photographs. The detail and the nature of the 
cession of Easton Glacier are best shown by the 







jivest, Or western, ice tongue, since this tongue 






as left a fairly complete record of its recession. 






\s indicated by the great quantities of rock 










ebris forming huge lateral embankments (Fig. 6), 
e recession of the west tongue must have been Fic. 7. Easton Glacier and Mount Baker, showing ad- 
vanced position of the ice in 1917. Judging from the size 

of the glacier at right margin of picture, with the ice at 






alanced by its forward movement for many years. 
he lateral ridges extend unbroken from behind 







3 : ; least 250 feet thick at this point, as determined by esti- 

le present ice front a distance of about 11% miles, mate and by latet pictures, the terminus is considerably 
urving gradually inward near the apex and de- less than 1000 feet from the 1907 position. When com- 

: pared with later pictures, both the retreat and downward 
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ending to a low end moraine, which is breached 

t the center by ‘Itwater stream. The e ; 2 “aay 
the ntet by the me Itwater Team The end marking 1934 terminus is on rock outcrop just to left of 

joraine marks the approximate position of the meltwater stream shown at center. The right margin of 


‘e tongue in 1907. The crests of the lateral mo- the glacier almost exactly coincides with the location of 
the marker. (Photo by George Ely. 






wasting of the ice are very obvious. Orange-painted arrow 






aines are sharp and narrow, overhanging and 






Jumping very readily on the inner, or trough, of the glacial trough. Plumes of whitish dust rising 
mide. Huge boulders continually break loose from from the trough mark the paths of many small 
¢ trough sides of the laterals and fall to the floor _ rock slides started by these tumbling boulders. On | 
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I 8. Mount Baker from Park Butte, about 1925, showing Deming Glacier and the Black Buttes at left. and 
Fastor icler on right. (Photo by George Ely. 














April 





Fic. 9. Aerial photograph, about 1931, showing Mount 
Baker from the south. Deming Glacier and Black Buttes 
are at left, and Easton Glacier is at center, occupying 
end of barren glacial trough. Dotted lines show 
1907, 1917, and 1925. 


“xX”? marks the place where the Mountaineers painted the 


upper 
relative positions of the ice in 


orange arrow showing the 1934 position of the ice. Note 


debris-covered terminus of Easton Glacier. (Photo by 


U.S. Forest Service 


Showing thin, debris-covered terminus of Easton Glacier on 


the ridge side, however, the bouldery del 


held in place by soil, alpine plants, and 
The 1907 map of the Mount Baker q)iadrayg 
shows the snout of the west lobe of Easton Gla 


about 1 mile northwest of Schrieber Meadoy: 
an elevation of about 4100 feet. The wi Visit 
several old-timers in the vicinity who vouched | 


the fact that the glacier occupied this advano 


position near the turn of the present century 
Hamilton quadrangle map, made by multi 
methods from 1947 aerial photographs, shows | 
terminus at an elevation of about 5450 feet. | 
1'; miles behind the 1907 position at the | 
end of the glacial trough. 

The earliest photograph shows Easton G] 
in 1917 (Fig. 7). At that time the snout end 
only a short distance 
600 teet 


perhaps not more than 4 
behind the 1907 position. Sinc« 
however, the entire ice tongue extendin: 

hase of the view has completely disappea: 
the amount of thinning at the head of the t 
has been appreciable. 


The condition of the ice in 1925 after cons 


August 11, 1952 
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1 had occurred is shown in Figure 8. 
t800 
receded almost half the distance from 


stood at an elevation of about 


sition to the present-day front at the 
{ the glacial trough. Figure 9, an aerial 


taken about 1931, shows Easton Glacier 


receded more than 34 mile from the 


photographs, taken in 
United States 


wk Butte fire lookout house, place the terminus 


September 


Panor i i¢ 


by the Forest Service from 


mnelevation of about 5200 feet, or the same ele- 
on as the lookout house. This elevation can be 
blished with considerable accuracy, since a line 

necting points of elevation equal to the height 
Dock Butte almost exactly coincides with the 
ito! the glacier at the lowest point. 

lhe present-day terminus is several hundred feet 

hind the 1947 position. Near the terminus the ice 

100 teet. 


radually bows inward, thinning and narrow- 


«s outward and descends steeply fo. 
ginto a very short tongue extending only a few 
sof feet before it is completely dissipated by 
10 Phis 


nned to such an extent that it has almost com- 


Fig. short ice tongue has 
etely disappeared. Large chunks of the tongue 
main, but they-are detached from the main mass 
dare melting very rapidly. Much sand, silt, and 
uuldery debris cover the isolated masses of ice, 
d small meltwater streams are prevalent on the 
surface. On the east side a narrow section of 
still is attached to the main glacier, but it is 
ty thin. Thinning is hastening the rate of reces- 
n, as evidenced by the condition near the termi- 
is where large sections stagnate and simply waste 


vay. The Hamilton quadrangle map and_ the 


photographs from which it was made show a much 
longer ice tongue extending beyond the Easton ice 
front. Assuming the farthest or lowest isolated ice 
1947 tront, the writer 


on August 11, 1952, measured by pacing and found 


chunk to be at or near the 


the distance from the present ice front to the lowest 
chunk to be 550-600 feet. Recession from 1947 to 
the present is about 600 feet. 


Records kept by the Mountaineers, of Seattle, 


lable ] 


are shown in 


rABLE 1* 


MEASUREMENTS OF RECESSION OF EASTON GLACIER 


Re cession 

Feet 
1934 ' 190 
1935-36 cms : aw ; 17| 
1936—37 ll6 
1937-40 2 tad $29 
905 


0-year averaxt 


1934 until 1937 the 
Easton Glacier on 
1938 and 1939 no 
Cures acquired this 
The terminus of the 
of which the 


Mountaineer 
Mount Baker 


From measured the annua 


However, during the 


Therefore the 


recession. ot 


vears measurements were taken 


fi year must be made into a 3-year average 


Easton Glacier form thin tongues of jce 
is the Bex ilise 


quite 


two 


eastern one longer of the small amount 


rapid during the next 


1940) bys 


in these on may be 
The 


ma 


of ice tongue reces 
was measured October 153 


Kennedy 


Easton Glacier 


Paul and Ed 


lew veal 


Fred Becky 


On August 20, 1952, the writer and Ben Carey, 
of Mount Vernon, Washington, measured the total 
recession from "the orange-painted marker mad 
the the 1934 


found it to be 2210 feet. These figures show that in 


by Mountaineers at terminus and 


the past eighteen years the ice has been retreatin: 


at an average rate of about 123 feet a vear. 


WituiAM A. Lone 


Filk } Hivh Se hool 
Filer, Idaho 


ANIMISTIC THINKING AMONG COLLEGE AND UNIVERSITY STUDENTS 


HERE is evidence that a large percentag 


Ot 


children, up to at least twelve years of 
ave, believe that many objects, classified by 
ists as inanimate, are alive. The data con- 
inimism in children come from groups as 
is the Swiss,' white American groups,” and 


Indian groups." * These investigations 
ilso that children who believe objects to 
‘requently attribute to them various forms 
Uusness. In other words, the child at 


logical and psychological characteristics 


to entities which the scientist classifies as inor- 


ganic matter. 
Piaget. 


interest in 


who 1s largely responsible for the mod 
thinking in the child, 
proposed that in civilized man it disappears at 
twelve or shortly thereafter. Adults, h: 


ern animistic 
about age 
claimed, believe that only plants and animals are 
living. But it does not appear that Piaget has ques- 
tioned adults on this point, nor, until recently, have 
other investigators directed their inquiries to adult 


subye Cts 








In 1949 Mallinger and I° reported the results of 
applying the techniques that have been used with 
children to 36 persons aged seventy and over. We 
found that 75 per cent of these subjects attributed 
life to some objects other than plants and animals. 
Although it was suggested that the high percentage 
of older persons exhibiting animism might be due 
to mental deterioration accompanying age, it was 
kept in mind that no data on adults in early ma- 
turity were available. 

Recently I have undertaken the questioning of 
various groups of younger adults. I propose eventu- 
ally to interrogate persons of average intelligence 
and education, but pilot studies were conducted 
with college and university students. The results 
of the investigations have proved so surprising, 
not only to me but also to several groups of psy- 
chologists to whom they have been reported, that 
it seems advisable to present a brief preliminary 
report. 

In studies of children, the method was that of 
an individual interview.’ With college and uni- 
versity students individual questioning did not 
seem necessary, and a group method was used. 

The instructions were as follows: 


I am going to ask you questions about some common 
objects. You may think some of the questions very easy; 
some may be rather hard. I am asking these questions of 
many kinds of people. Both the easy and the hard ques- 
tions are asked of you because I want to know how per- 
sons of all sorts answer the very same questions. Please 
answer each question seriously, though some questions 


may seem very simple. 


The subjects were then shown, or reference was 
made to, several objects. With regard to each ob- 
ject, the subjects were to write down whether it 
was living or not living, and were required to 
state the reason for the answer. The answer re- 
garding one object was written before the next 
object was presented. 

The first group to be questioned was a class in 
child psychology which had not studied or dis- 
cussed animism. The students were enrolled in a 
large private university in New York City, and 
were primarily graduate students of education. Of 
the 67 students, 54 were graduate students, 15 of 
whom already held a master’s degree; 45 had had 
teaching experience. The objects about which they 
were questioned were an unlighted match held 
before them, the same match lighted, an electric 
clock on the wall of the classroom, the sun, the 
wind, a five-cent piece, a pearl, gasoline, and the 
ocean. 

Forty-five per cent of these subjects stated that 


248 


one or more of these objects were livin: 
jects most often called living were ¢ 
match, the sun, and the ocean. In the ca 
of these, approximately one third of grou 


Of ea 


gave animistic answers. 

The questions were next asked of a ¢ 
students in introductory psychology at o: 
city colleges of New York. Most of thi 
were sophomores. The objects employed were idep. 
tical with those presented to the graduate studeny 
of education, except that the nickel and the pea! 
were dropped and the term “clouds” was added 
Thirty-seven per cent of these students gave 


ss of 7 
Ol thy 


tudent 


or more animistic answers. 

Subsequently, a similar set of questions was giy; 
to amixed group of 34 graduate and undergrad). 
ate students enrolled in child psychology in ¢! 
summer session of a Southwestern university, ‘]! 
terms employed with this class were the sun, cloud 
sea, lightning, wind, stars, and earth. The percety. 
age attributing life to one or more of these ite 
was 48. 

In the light of these findings, it seemed wor 
while to make a serious attempt to find colle: 
students who were not animistic. The best aya 
able candidates seemed to be 68 sophomores 
the city college previously referred to who wi 
just completing the third semester of an integrat 
science course. Most of the work of the curre: 
semester had been biological, with a strong emphe- 
sis upon the properties of protoplasm and the di 
tinctive characteristics of living things. ‘They | 
had no other science course in college. The list o 
terms presented to the introductory psycholo 
students was repeated with this group. On t! 
basis of the results obtained in this instance, 1) 
belief in the possible efficacy of instruction 
biology was somewhat restored. Only 12 per cen 
of these students attributed life to any of the 
jects about which they were questioned. 

On several occasions, the presentation of the | 
sults described here has caused my auditors t 
rather incredulous. They insist that, other than 
science students, the subjects musi not really ha 
meant what they said. It was suggested that 1 


were being poetic, or philosophical, or whimsic! 
The effective answer has been to read the detal! 


animistic responses and to ask whether the answt' 
can correctly be considered poetry, philosop! 
whimsey, or science. Space permits the printing 
only a few examples, illustrating the naive che! 
acter of most replies. The following are typical 
The lighted “Living, because it lis 
Hames which indicate life.” 


match: 
“Living beca 
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Pwith sunken vessels and are aware.” 


hrning brightly, giving forth something.” “Dying 

I sa being burned.” 

The un: “Living because it gives forth energy. 
Gives us power, warmth, light, and energy. Makes 
things living things—thrive and exist.” “Living 
hecause it gives off heat.” “Yes! Living! Without 


breath, but living, scientifically living, changing.” 
The “Living because it is constantly 


manta 
and life is brought forth by it.” 
moods and is temperamental just like many hu- 


it moves and makes noise 


ean: 
ning lite. Movement is characteristic of it, 
“Living. It has 


man beings.” “Living 
and is powerful and changing. Sometimes calm, 
sometimes stormy. We cannot control it.” “Living, 
continually in motion, changing, etc.” 

These answers are equivalent to those earlier 
recorded for children, except that some of the 
idult answers reflect a larger vocabulary. The 
reasons offered by the adults for their answers be- 
long to the classes which Piaget has called Stage 
iI and Stage III types; that is, an object is said 
to live because it moves or is active in some way 
Stage IT Stage II] 

But did these students merely use the word 
“active” or “moving,” or 


or because it 1s self-moved 


living” as equivalent to 
did they, as children do, attribute other traits to 
these “living” objects? A few questions were asked 
to attempt to get at this matter. With the graduate 
students of education, after the questions previously 
reviewed had been answered, they were immedi- 
ately asked the following additional questions: 

“Many ships are lost at the bottom of the sea. 
We cannot find them. Do you think the sea itself 
knows where they are?” 

“This pearl was once in a shell in the sea. When 
the water moved, could the pearl feel the move- 
ment of the water?” 

Of the students who had given one o1 
one third 


more 


animistic answers to the earlier questions, 
attybuted consciousness to the sea or to the pear! 
were 


or to both. The answers regarding the sea 


as follows: 


the chemicals in the sea come in contact 
“Ves. the 


sca does know the location of the lost ships be- 


“Ves. 


F cause they are in the bottom of the sea.” “Yes. 1 


it the sea] is living, it ought to.” “Yes, the sea rubs 


Pover the lost ships and knows them to be there.” 


“No. 


the sea doesn’t care to know. There are too 


tnany of them. The sea could know if it wanted to.” 


In regard to the pearl, the following replies 


were obtained: 
ie : 
Probably as much as a very young fetus might 
tee] ? 4 < ’ 99 
el effect of water in the mother’s womb. 
Ys ie pearl was part of a living thing.” “Yes, 
\pr ) 


the living oyster.” “Yes, because it is 
changed by friction.” 

The introductory psychology students 
asked the question about the sunken ships. In ad- 
dition, the following question was asked: “The 
tides are caused by the pull of the moon upon the 
ocean. Do you think the ocean can feel the pull of 
the moon which causes high tides?” 

Of the 
sea was livine, five attributed consciousness to the 


sea in reply to one of or both these questions. 


through 


also were 


12 college students who had said the 


Their responses were similar to those already 
quoted. 
Obviously much more extensive investigations 


of the attribution of consciousness to objects lack- 
ing a nervous system are called for, but the data 
just presented demonstrate clearly that such an- 
thropomorphism is not limited to children. 

One would not be surpised if ideas such as those 
just described were found in a primitive or a 

that in 
* animat- 


backward group (I have data showing 
some little-educated groups the percentage 
ine the sun and other natural objects is 
LOO 
except to find 


college sophomores. It should be borne in mind 


close to 
But, in my experience, few psychologists 


such ideas among teachers and 
that teachers and sophomores often have had no 
more specific instruction than primitive peoples 
concerning’ the the animate 


and the inanimate and concerning the dependence 


distinction between 
of consciousness upon a nervous system. Appar- 
ently, in the absence of specific instruction, “edu- 
cated” persons in modern societies possess many 
conceptions of the world that are identical with 
those of the child and of the uneducated. A fulle1 
discussion of the importance of this fact must 
await a later occasion. Meanwhile it is hoped that 
others will avail themselves of opportunities to 


verify, expand, and refine the observations reported 


here. 
WayYNE DENNIS 
De partme nt of Psy holoe) 
Brooklyn Colle O¢ 
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A POSSIBLE IMPLICATION OF THE DUNE TOPOGRAPHY 
OF THE SOUTHERN COLORADO PIEDMONT* 


MONG the more outstanding topographic 
features in the foothills of the Colorado 
Front Range are the excellently developed 
pediments. Those lying to the west of Fountain 
Creek (Fig. 1 
lator in recent volumes of the Bulletin of the 
Vols. 60, 62). 
It has been my privilege to work with Tator in 


have been well described by B. A. 
Ge oloer al Soci ty of America 


his research on the mountain-front pediments over 
a considerable number of years, and I am essen- 
tially in agreement with his conclusions as to how 
they were formed. They are fairly extensive, re- 
Fig. 2), which 
truncate the upturned sediments with seeming 


markably flat, bedrock surfaces 
disregard for the varying resistance to erosion one 
expects from rocks with differing lithologic char- 
acteristics. The slope of the surtaces compares 
the the 
slopes up to 200 feet per mile not being 


favorably with eradients of associated 
streams 
uncommon. Usually the pediments are covered 
with a few feet of alluvium, which in bouldery 
character and granitic composition also corre- 
sponds fairly well with the material carried by the 
streams of the area today. 

Tator explains the pediments as being the ero- 
sional product of intermittent streams in a semi- 
arid region. Very briefly, the process calls for a 
shifting of the stream channel as a result of self- 
plugging by debris left by the heavily laden and 
turbulent flow during and after a storm, and side- 
wall retreat produced by weathering and attendant 
downslope mass movement. The formation of sur- 
faces at more than one general level is explained 
as the result of climatic change that prolonged 
stream flow and increased downcutting during a 
subhumid cycle between two periods in which semi- 
aridity provided optimum conditions for pedi- 
mentation. 

During the past few years our attention was at- 
tracted to, and research was started on, similar 
surfaces that le to the east of Fountain Creek. | 
have undertaken the major portion of the research 
there and originally I had the idea of turning out 


a supplement to Tator’s work. It was our belief at 
P} 


first that the mountain-front pediments and those 


east of Fountain Creek were probably formed by 


similar processes; therefore, my work was to be 


primarily concerned with delimiting the surfaces 


* Based on a paper presented in the joint session of 
AAAS Section E and the Geological Society of America 
during the Annual AAAS Meeting, St. Louis, Missouri, 
December 26-31, 1952 


and determining their sequence of devel 
I have found the work much more invol\ 
that, 


between 


however. There are. of course, sin 


the surtaces of the two areas, | 


there are what currently seem to be in 
differences. 

Surfaces East of Fountain Creek. Even a \ 
study of the excellent new i 
Pike View. Falcon, Falcon N.E.. Cx lorad 
Springs, Elsmere, Corrall Bluffs, Fountain, Foun. 
tain N.E., Fountain S.E., Buttes) of the area eas 


of Fountain Creek will reveal some facts about ¢] 


/Y2 minute quadrang] 


naps 


pediments. In the first place, they are much bett 
preserved than the mountain-front pediments ar 
so, at least, appear to be more extensive. Second 
they can readily be divided into two groups. O: 
group, which is obviously younger, slopes to t 
southwest and is apparently controlled by 
present drainage line of Fountain Creek. The 
group slopes to the southeast and is graded 
drainage lines that lie at some distance to thi 
of the modern course of Fountain Creek, whi 
carries the mountain-born drainage to the so 
Early field work revealed other differences 
at least one similarity between the pediments 
the two areas. The yvounger slopes to the east dill 
from the mountain-front pediments in the nat 
of their alluvial cover and in their direction 
slope. The alluvial cover of these southwestwa: 
slopes is a sandy gravel ranging in size up t 
bles, as compared to the bouldery gravels of 
southeastward sloping mountain-front pediments 


They 


ments in 


are like the younger mountain-front ped 
that 


Creek. The older surfaces east of Fountain © 


they are both graded to Fount 
may actually be remnants of the older mountai! 
front pediments. Their slope is in the same s 

their 
contains boulders of ancient crystalline roc! 
these 


easterly direction, and alluvial cov 


most sienificant difference between 
eastern surtaces and their mountain-front c 
parts is the dune topography that modifies 
expanses. The dunes were first detected on 
photographs and later verified in the field |! 
known there are no dunes \v 
Fountain Creek. 

Dunes. The full extent of the dune topos 
Fig. | 
is known from the areas descril 
Gilbert and by Fisher (east and north of | 
north to the Black Forest 


Platte and the 


So far as 1s 


has not vet been determined : howe 


to reac h 


) 


which les on the 


between the South Arkansas 
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Drainage map ef eastern El Paso County, Colorado 


ern boundary of which it skirts westward to 
nity of Husted. It is well developed in the 
ist environs of Colorado Springs, whence 
stern limit swings south and east. coinciding 
iarked degree with the divide between the 
rd-sloping older surfaces and the younget 
it slope to the west. These tentative bound- 
nelose an area of more than 1400) square 
r the most part characterized by extensive 
faces the topography of which is nearly 
ss, except as it is modified by the younger 
ography and the main drainage courses. 


there are no dunes west of Fountain Creek. 


even though there are surface remnants there as 
old as some of those covered by sand to the east, 
is probably best explained by the fact that the 
mountain mass undoubtedly received sufficient 
moisture even during more arid times immediately 
to the east to support vegetation similar to what it 
has today. In addition, the prevailing winds were 


apparently from the northwest, as shown by the 


orientation of the transverse dunes | Fig. 3). and so 
thev could not have delivered sand to the mountain 
front from the desertlike piedmont to the east, 
where dunes were actively forming. 

The recently published map of eolian deposits 
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Fic. 2. View to east across a segment of one of the older mountain-front pediments, showing truncation of 


r noe} 


turned beds. 


and reports dating as far back as these of G. K. paper (1940), prove that the existence of dunes 
Gilbert (1896) and C. A. Fisher (1906), and as the Colorado Piedmont and on the High Plain 
recent as F, A. Melton’s “Southern High Plains” has been long and widely known. With the exc: 
tion of Melton’s paper, however, these reports ha = 
Tr 2QH-47 J ‘ been concerned with the existence of active du 
, whereas those on the eastern pediments, like thos 
on the Southern Hieh Plains, are stabilized 
vegetation and appear to have been so for a ci be 
siderable period of time. Lo is 
The dunes are unevenly distributed and divers: ae 





fied in size, ranging from small longitudinal anc. , 
transverse types that cover less than a few hundred 
square feet to longitudinal ridges that are sev , 
miles long and over 30 feet high (Fig. 4). In nun ae 
bers they range from dune complexes, which co! - 
pletely blanket areas of many square miles, to area #4: 
of comparable dimensions that are almost co! 4 
pletely devoid of dunes. 

The variation in particle size in the sands of ¢i- BB}, 
ferent dune areas seems to be _ related 


sources of the materials. From the few samp! 


have been studied, it appears that there 


major sources for the sand. On the surfaces 





lain by the Pierre shale, the sand is rath 

Fic. 3. Vertical view of area approximately 9 square sorted and fine-grained, as shown by the « 
miles, showing well-developed an ient transverse dunes the right side of Figure 5, whereas the dunt 
trending about N 45° E. Very light areas are modern 


; Bane ; on the surfaces underlain by the Fox Hills anc i... 
blowouts on lee side of old dunes, indicating a radical ; a 


change in direction of effective wind. (Used by permis- Laramie formations, and particularly by th 
sion of U. S. Geological Survey. son, are composed of poorly sorted san 
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ticles to fine gravel in size, as shown by the 


in Figure 5. This pronounced differ- 
rht to have resulted from the fact that 


her cul 


we 1S th 







« fine-grained, well-sorted sands were derived 
the most part from sand-filled, intermittent 
irses, Whereas the relatively coarse- 


ream | 
rained and poorly sorted material was to a larger 
tent derived locally from the underlying residual 
antle. This would be especially true of the rather 






tensive areas in the north, which are underlain 





y the poorly cemented Dawson arkose. 
‘Relation of the Dunes to Pedimentation. Al- 
wugh much additional work needs to be done 







fore the exact relationship of the dunes to the 
diments can be established, every dune thus far 
amined is resting on the pediment or on the 
Jatively thin mantle of alluvium that usually 
wers the pediment. It seems quite probable, there- 








re, that whatever circumstances were responsible 





r the formation of the dunes undoubtedly also 
laved an important role in the history of the sur- 
pes. The abundance of dunes on at least portions 
f all the southeastward sloping surfaces, in con- 









ft 


with their complete absence on similar but 





























of u- a 
‘s founger surfaces that slope to the southwest, im- 
lies a climatic change to desert conditions between 
“s 7 vo stages of surface cutting, This implication is 
i ther strengthened by the fact that, with only a 
‘“'P' Hw exceptions, the dunes of the area today are 
have bilized by a vegetative cover that supports large- 
“a ale cattle raising, whereas within the dunes very 
ip ttle in the way of plant remains has been found. 
ee li we accept Tator’s conclusions that the pedi- 
a ents were cut under conditions of semiaridity, 
nd that dissection occurred during more humid 
. ‘ bmes, then the presence of the dunes in the eastern 
ne ra takes on added significance and perhaps offers 
8 dded weight to his concept. The dunes seem to 
ave developed between two periods of surface 
ins iting and thus would indicate a climatic change 
: p: sufficient magnitude to have interrupted any 
“" BBediment development in progress at the time of 
™ ie change. If the pediments were cut during the 
_, geetmum semiarid conditions, and if a climatic 
r iit toward more humid conditions was accom- 
re banied by dissection of the pediments, then, logi- 
7 ally, a change from semiaridity to aridity would 
, gee’e resulted in excessive alluviation on the pedi- 
. nents even the development of sand dunes. 
: the validity of Tator’s concept depends in large 
_.f@ptt on the demonstrated fact that the alluvial 
a ver on the pediments is rarely thicker than the 
we pepth scour of the streams that formed them; 
..feovever, he reports some instances of alluviation 
ne BBE exe f 100 feet on the older mountain-front 














Fic. 4. 
miles, showing the complex nature of dune types and 


Used by 


Vertical view of an area approximately 9 squar« 


distribution. permission of U. S. Geological 


Survey. 


pediments. He recognizes that there is a planate 
bedrock surface beneath the gravels and that the 
gravels are water-deposited. Their thickness may 
possibly be the result of a decrease in gradient of 
the heavily laden mountain-born streams, which 
would be forced to drop much of their load on the 
pediment. However, a re-examination of thes 
older mountain-front surfaces designed to deter- 
mine their sequence and to correlate them with 
the 


other explanation of the varying thickness of the 


dune-modified eastern surfaces, suggests an- 


alluvium. 
Increasing aridity in the area in general would 


not necessarily mean a decrease in the transporting 
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Fic. 5. Cumulative curves plotted to show wide range 


in sorting and size of material found in the dunes 














ability of the permanent mountain streams. which — initiated alluviation on the newly 


rise in the snowfields high above the piedmont. On — ments along the mountain front. 
the other hand, it could very well mean a decrease KEITH 
in the incidence of storms along the mountain front Department of Geology, lowa State ( 
and in the piedmont. Since these storms are almost _— 
: ; ; ‘ Bibliography 

the sole source of water for the intermittent streams a 

} bal “ae il GILBERT, G. K. Undeground Waters of 
that move the mountain- porn a EVIE Cross tne Valley in Eastern Celsvate. U. &. Geol 
pediment, any prolonged diminution in volume Ann. Rept., Pt. II, 578-80 (1896 
should result in an accumulation of alluvium on Fisuer, C. A. Nepesta Folio, 135, 3, U.S 

‘ vei ‘ : » we . 1906 

the pediment. Thus, the increase of aridity as im- : . 

i a- Me Ton, F. A. J. Geol., 48, (2), 113, Figs 
plied by the dunes to the east of the mountain  Taror, B. A. Geol. Soc. Am. Bull., 60, 


front might well have stopped pedimentation and 62, 255 (1952 


PHILOSOPHER OF AMHERS1!1 


She scrutinized existence. 
she turned life inside out: 
hers was an incredulity 


that even doubted doubt. 


She drew no swift conclusions 
but with Socratic mind 

held counsel with a_ butterfly 
and interviewed a wind. 


She held a seminar for dawn 
to probe time’s mysteries: 

she cross-examined katydids, 
held inquest for the bees, 


then waited for the hemlock 
that would at last disclose 

the secrets she could not extract 
from butterfly or rose. 


Mark WINKLER GOODMAN 
Cleveland, Ohi 
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7 BOOK REVIEWS 


WHEELS WITHIN WHEELS 


Arkan 5 Donald H. Menzel. Cambridge, Mass. 
urv., 1] Harvat niversitv Press, 1953. 319 pp. $4.75. 
ol. Sun VER ader should hail this excellent evaluation 
ne saucer” tales as a distinct service both 
a4 


nd to the lay public. It was painstakingly 
red for thought-provoking but easy reading. It 
ime anv background of scientific knowledge 
of the reader, and will even help him a 
bility to weigh evidence and reach scientific 

Perhaps its most useful passages are those 
scientific methods of approaching unusual 
cal problems, together with others designed to 
man the abilitv to safeguard himself against 


deluded by fietion masquerading as truth. 


Deotenders to scientific knowledge seem to assall the 

le at everv. turn, sometimes merely to get a tall 
wcross. but often to gain business advantages ovet 
petitor. As the Harvard astrophysicist: points out, 

‘ it food and narcotic acts protect us from potentially 


verous medicines, foods, or drugs. Yet exploitation 
the minds of the American public, feeding them fie- 
the guise of fact under the protec tion of a free 

or frightening people with fanciful ghosts —these, 

ire potentially dangerous.” Those who cannot 
bead years of study in theoretical physics, astronomy, 
chemistry do have a means of protecting them 
avainst the modern deluge of humbuggeryv. They 
scrutinize the source and authority of the evidence. 
hey can test details, look for false premises, gaps, and 


gical conclusions. 


With a little thought.” savs Dr. Menzel, “we can 

fallacious logic, even when it is disguised with 

tie vocabulary. Basically, the reasoning of much 

ence is like the example of the table that 

ed into a dog: A dog has four legs; the table has 

lees: therefore the table is a dog.” Or another 

kument once popularly accepted: “Animals have legs 

nuscles. Animals can move. The earth has no legs 
Isc] Therefore it must be fixed in space.” 

it how would the “scientific detective” go to work 

aucer. stories? How can. one explain in 

rns of litv tales that begin, “LT saw-——I heard’? For 

Bt] Dr. Menzel cites the unusual story originating 


he npus of the University. of Denver, about 


D from space. A Mr. George Koehler introduced 
ie . ° 

Mr, Newton, supposedly an authority on flying saucers, 

D tii uctor of a class in general science. Newton 


Wil a tasue story (the heart of a later book by 
panik y entitled Behind the Flying Saucers 

rted in the press, a wave of incredulous 
wept over much of the country, The 


ed sincere and had a certain air of techni 


cal authority. He told of government attempts to keep 
secret the arrival of saucer-borne creatures from another 
planet; miniature men scarcely 44 inches tall, beard- 
less, dressed in 1890-style clothes, of a fiber that could 
not be identified; wearing shoes of a material resembl 
ing human skin. One ship had supposedly crashed 
near Aztec, New Mexico, another near Durango, Colo- 
rado, Dr. Menzel characterized the reported technical 
description and operation of the saucers as mere “sei- 
entific double talk, of no significance at all except to 
give the impression of authority.” 

Although some educators have criticized the uni 
versity for allowing such a lecture to be given, especially 
by a speaker who attempted to keep his identity a 
secret, It seems to have served the useful purpose the 
instructor hoped for. It gave students an opportunity to 
test basic rules of scientific discipline, to determine for 
themselves how much credence such testimony was 
worth. Eight classes valued the lecture at zero in terms 
of acceptable authentic information, but gave it a very 
high score as entertainment. 

Professor Menzel devotes the major part of his 
book to denouncing what he calls the “cult of the 
Hying saucers.” Saucers are real, he says, in the senss 
that people have seen something. But they did not 
see What they thought they saw. Saucers have no con- 
nection with atomic experiments: they are not devices 
invented by Russia: nor are they interplanetary space 
ships 

On the positive side, he lists true saucer sightings 


mb recent years as 


reflections from material objects: distant planes, jet air- 


craft, vapor trails, miscellaneous balloons, newspapers, 


kites, birds, peculiar clouds, spider webs, insects, feathers 
etc. Searchlights playing on thin layers of cloud or mist 
account for many Venus Jupiter, Various Stars, bright 
fireballs, and even the moon shining through broken 
clouds have been identified frequently as flying saucers. 


Some 20 per cent of sightings that do not fit in these 
categories are placed in the rags and tags of meteoro 
logical optics: mirages, reflections in mist, refractions 


and reflections by ice crystals. Some phenomena are 
probably related to auroras, others to unusual forms of 
shooting stars. The book covers just about all the re 
ports in modern times and follows the trail of unusual 
visions back through history to early Biblical days. The 
visions of Ezekiel and Jeremiah, tales of the Flying 
Dut hman, the books of Charles Fort, Dr. Gee, Lubbo« k 


lights, Project Saucer, Specter of the Brocken, tem- 
perature inversion, unknown lights of Japan, and the 
Galloping Ghosts of Nansie Shoto—all receive attention. 


\ tremendous amount of work went into the prepara 
tion of this book. Dr. Menzel should receive the erati 





tude of scientists and laymen alike for his ability and 
his willingness to shed light on a_ perplexing, even 
frightening subject, one that is only remotely allied to 
his real interest—astronomy. 

flying saucers—as real as flying 
dragons, chariots of flaming cherubims, 


angels, and rainbows, too! We learn slowly that things 


Of course there are 


wheels, fire, 
are not always what they seem. The search for truth 


must go on continually, else we could only despair with 


tion contains a synopsis of Engler’s system 
tion; this has been omitted from the second 
The key 


pages, which is partially 


to the families has been incr 
accounted for 

larger type, but there are many changes 

marily at simplification. In preparing the | 
families and genera, emphasis has been 
characters visible to the naked eye where 
As in the 1926 edition, the keys are artificial! 


Sir Alfred Lyall: has been given to characters exhibited only j 
“T think till I'm weary of thinking,” 
Said the sad-eyed Hindu King, 
“And I see but shadows around me, 

Illusion in everything.” 


African plants. Thus the manual is specifica! 
the ot Sou 


students. This is clearly brought out in th 


for needs and encouragement 
tion, which consists of three pages of instructions 


dressed to “Any student who has a keen desire 1 


HerBert B. NICHOLS 


come acquainted with the flora of his district 
It includes information the 
cedures for collecting and maintaining a herbarium 
use of the keys, and the method for examining 
fresh and dried plant material. (So few of 
works begin on such a practical and elementary 
The introduction is followed by 44 pages of 


5. Geological Survey 
on 


concise correct 


HARVEY’S CLASSIC 


The Genera of South African Flowering Plants. Botani- 
cal Survey Memoir No. 25. E. Percy Phillips. Pre- 
toria: Division of Botany and Plant Pathology, De- 
of Agriculture, of South Africa, 

+ 923 pp. £2. 


Our master 


partment Union the Families” and 806 pages of text, which are 


1952. iv ously printed with clear type and wide margins, ad 
; Me sae ; much to the appearance. A bibliography and inde 
N 1868 the second edition of William Harvey's 

classic Genera of South African Plants appeared. 
The Botanical Survey Committee of the Union of 
South Africa entrusted to Dr. Phillips the difficult task 
of preparing an up-to-date manual that would be a 
successor to Harvey's Genera, This work appeared in 
1926, spanning fifty-eight years of great activity and 
ever-widening knowledge of the new lands that 
to be Natal, Transvaal, and South West Africa. Botani- 
cal research and discovery in these territories and the 


66 pages complete the work. 

Three especially valuable features of this editio: 
the references to the original publication of the g 
the citation of the type spec ies where possible, and t 
excellent bibliography of 48 pages. The bibliograp! 
arranged alphabetically by genera, so that the need: 
the moment can be quickly met without the distract 
ot It its a 
betical arrangement three nongeneric items that \ 


were ; ; 
extraneous material, also includes in 


be quickly revealed through use but could eas 


Cape Province revealed many new genera and the neces- 


i” orn <a missed by the casual reader; these are the related 
sity for revision. Dr. Phillips’ second edition successfully 


; ; ; ; : jects on nomenclature, taxonomy, and _ floras 
links the past twenty-five years of botanical investi- ; ; ; 
’ alone, 56 works are cited. 


*Floras” some 


eee ee cnangeemreanve dma aoe me publications of 1951. The bibliographic analysis 
means of the ordinary student of our native flora.” Dr. ; 

Phillips’ colleagues may this work 
sterling contribution to South African biological sci- 
ence; students of the South African flora will find it 
an indispensable manual. It marks the industry, skill, 


and learning of one who has devoted all of a profes- 


pleted in connection with this manual is in itsel! 


well greet as a ; 
pressive. 


It would be presumptuous to criticize a contri! 
that so sincerely and effectively develops th: 
intent. The area covered is large by any measur 
: #3 fon exhibits an extraordinarily high endemism dist! 
sionally active life, and the greater part of an officially ; , : ae 

: over varied and extreme habitats. There are, 


retired period, to the perfection of his labor. 
nately, no reterences to geographic categories 


The 1926 edition was largely a compilation of 1645 na 

; ; ; many tantalizing and exotic place names that 
genera gathered from the available literature; this was ; : : 
5 AF so possibly appear on a simple map. Nevertheless 
an increase of 459 genera over William Harvey's list : ; 
cage ay humble suggestion is offered on behalf of ot 
of 1868. The 1951 edition has been enriched by an ad- 
ditional 142 described genera. With the exception of 


the group of genera related to Mesembryanthemum, 


the inclusion of a map indicating the more impo! 
subdivisions of the area treated. which could pe! 
end the This 
to integral of 
library of botanists and students of world flor 


serve as papers in volume. manu 


all the genera cited have been personally examined 
and described by the author, to which he has also added 
new generic records and annotations. He follows the sys- 
tem of de Dalla Torre and Harms, which is the arrange- 
ment followed in the National Herbarium: and where 


certain become an part any work 


GEORGI 


Arctic, Desert, Tropic Information Center 
Air University, Maxwell AFB, Alabama 


authorities differ in the placing of genera, the author has 
properly entered appropriate comments. The first edi- 
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PHILOSOPHICAL ANALYSIS 


james K. Feibleman. Baltimore: Johns Hop- 
s; London: Geoffrey Cumberlege, Oxford 
ity Press, 1951. xix +807 pp. $9.75. 


[1S treatise Professor Feibleman presents what 
A-R system 
to 


ns “axiological realism” as a 


Possibl logy. There are, according his account, 


and stre sible philosophical positions: 


the Soy: - , ‘ 
lism: the universe of essence is alone real: 
inalism: the universe of existence is alone real: 


the knowing subject alone 


des g 
Afr 


intrody < real 


Ni 
subjective idealism: 
materialism: the object of knowledge alone 


he 


ru tions 


, 
D 
real and 


Re both the 


niverse of existence are equally real. 


lesire to lism: universe of essence and_ the 


istrict 
correct Reality” means, ontologically, “having independent 
g” and, epistemologically, “having identification as 
object of that which is true.” “Being” 


means “the power to affect or be affected.” 


rbarium, t} 
Mining boll rhe essence 
Our master 
atary ley 


ot “Key i 


In the opening section an attempt is made to apply 
this classification to the history of philosophy, with in 
st instances resulting distortion of the systems re- 
ferred to. It is true, indeed, that the justification for 
the system is not sought in historv but in the analysis 


gins, addiy 
nd indey 

fered. Nevertheless, the author states that he hopes 
edition 4 has included what is significant in each school, in- 
{ the gen 


nt a 


iding, of course, contemporary movements. 
the universe of es- 


the 


[he system subdivides into (1 
liography sence, (2 the of 
rdinate universe of destiny. 


and th 


universe existence, 3 sub- 


he needs 
[he universe of essence is the order of possibility. 


* distract 
1 its alphgm but these possibilities do not ever have to become 
‘Being ‘essence 


of that 


tualized to prove that they are real. 
indifferent to the 
ower, since it is the power itself.” 


that 
d 


related s 


easil\ i power, but is EXeTCISE 
rhe universe of existence is the actual, the spatio- 
temporal. “Existence may be defined as whatever af- 


fects or is affected. Existence thus includes the defini- 


BRIEFLY 


World of Eli Whitney. Jeannette Mirsky and Allan 
Nevins. New York: Macmillan, 1952. xvi +346 pp 


Hus 75 


075. 


easure a I} 


distrit 


HE title gives the reader promise of more than 

ography. The tale centers, of course, about 

necticut Yankee, but its setting interrelates cot- 
ntations of the South with the arms factories of 
k, near New Haven, Connecticut. One expects 
traphy of a man but finds the text uncovering 
ition of an idea. 

his 


years before Bunker Hill, bereft of 


the age of five, the eldest of four children, 


ten 


ney, Jr., early developed resourcefulness and 
on. Schooling was incidental until at about 


eighteen he expressed a desire to go to col- 


ot but only in the active sense.” It 


depends on essence for its existence 
the ot 
It is not a separate universe, but an interrela 


tion 


esscrce, 


IS direction existence toward es 


“Destiny 
sence.” 
tion between the other two 

These are presented in an elaborate and very detailed 
development of all the aspects: postulates, categories 
types of structure, levels of being, degrees of integra- 
tion. Since it attempts to be all-inclusive in scope, ther 


are naturally included classifications of all the sciences 


and disciplines hierarchically arranged 
\ pp. 


a postulate set. include 


b63—684 IS presented 


ot 


summary 
hese 


postulates; for existence, 160 postulates; 


svstemath 


for the universe 


as 
essenrice, 1] 
for destiny, 123; 


ot 


’ 438) 
CULUS, Te) 


in addition, for the special cast 


cal- 


con- 


and 
par 


a grand total of 599 postulates 


the “all-presumptive 
In 
“The postulates 


the 


epistemology, tor 


nection with this the author states: ot 


whole 
ot the 


elements, are not 
all the 
given, and those that are given 
The of the 
available at this 


It 


As 


a system, while the chief 
In 


A=-R system 


system. this treatise not elements 


not 
1-R 
time, 
will bi 
know 
ot 


are are 


presented systematically claim 
to all ot 


with the theories and facts now 


system be the truth 


Is 
1.e, known 
supplemented and perhaps largely replaced 
Thus it 
fallible.” 


sacrificing 


ledge increases, claims to he the discovery 
the truth but 


Nevertheless, 


is 


without the wide range of 


topics and material included, the book could profitably 


be greatly condensed. There is much repetition where 


the restatement in no manner advances the argument 


In fact, 
osophical analysis is concerned, that could adequately 


bye 


as fal 


as any substantial contribution to phil 


and more effectively presented in a brief essay 


FRANCIS P, CLARK} 


f Philosophy 


of Pennsylvania 


De partment ¢ 
Unive 


ts 
rsity 


REVIEWED 


t 


lege. His preparation in academies and his self-support 
intermittent teaching eventually earned his father’s 
Yale 
consent was confirmed by his father’s financial help 

After 
South Carolina plantation family 


by 


reluctant consent. During the final years that 


graduation he accepted Service as a tutor in 


Actually, he 


invented the 


never 
cotton 


reneral 


entered that service. Instead, he 


gin during a half-year sojourn in the home of ¢ 


Nathanael Greene’s widow near Savannah, Georgia 


For a period of years following, his time was given 


to alternate “tooling” for the gin’s production, litiga 
tion over patent rights, and disheartening negotiations 
for working capital. This third need was the spur that 
presently prompted application to the newly formed 
federal 


for 


for a contract to manutacture 


In the 


government 


arms its army struggle to meet the time 














limits of that contract the principle of “parts produc- 


tion” for a sort of assembly-line pattern was evolved. 


In the practice of parts production he began the sys- 
“tools.” In this he depended 


tem of fabrication by 


on his machines for the the operation 
rather than on the skill of the 


able to employ unskilled labor for 


accuracy of 


workmen and so was 


servicing the ma- 


chines. In all of this one sees the elements of what 


significant in the 
with the 


later became mass production, so 
rise of such industries as those associated 
names of Colt, Singer, McCormick, 

Whitney's success in arms production for the govern 
political 


and Ford. 


ment long duration; 
shysters often pulled him from his mills to lobby for 
his program of production. In these frequent sojourns 


at the seat of the national government he became well 


required contracts of 


known to many of the nation’s leaders, including the 
presidents, of that day. 
Romance late for the 
marry until after the death of Widow Catherine Greene- 
Millet 
and Whitney there was “rooted a delicious friendship 
that had flowered for twenty years.” His own silence in 
regard to this aspect of his life leaves the reader only 
conjectures. At the age of fifty-two, he married Hen 
riette Edwards, grand-daughter of Jonathan Edwards. 
She was twenty years younger than her husband. His 


came inventor. He did not 


perhaps because between General Greene's wife 


eight remaining years were cheered by the birth of his 
three children and a happy domestic atmosphere. 

The authors, the second of whom is well known and 
widely read, have skillfully contrived to bring 
much of the account to the reader in the words of the 
In the words 


very 


letters from which the facts are drawn. 
of the authors, their subject was a major contributor to 


the industrial progress of his country: “His genius, his 


skill, his persistence became puissant forces by which, 
in the developing Republic, unity defeated disunity, 
uniformity replaced diversity, technical expertness sup- 
planted a haphazard rule of thumb, and Plenty was 
empowered to conquer Want.” 

B. Currorp HeENpRICKS 
Longview, Washington 
The Medieval Science of Weights (Scientia de Pon- 
deribus). Treatises ascribed to Euclid, Archimedes, 
Thabit ibn Qurra, Jordanus de Nemore, and Blasius 
of Parma. Ernest A. Moody and Marshall Clagett, 
Eds. Madison: University of Wisconsin Press, 1952. 


#38 pp. Illus. $5.00, (Lithoprinted. 


HOSE who discuss the historical background of 
often vault, 
mentally, from the Aristotle 
Archimedes, of an ancient world, to the times of Gali- 
leo, Descartes, and Bernoulli. The accomplishments of 
the thousand years of medieval history are brushed 
aside as immaterial. Those, however, who know the 


modern science and technology will 


achievements — of and 


medieval period best have discovered for themselves 
that the final four centuries of that period were not 
unimportant either to technology or to creative thought. 


male: 


Phe book under review deals in a special a mited 
way with certain accomplishments of those r cen. 
turies, in western Europe, in relation to tha art of 
back. 
tor the 
Arabic 
rd the 
eTSities 
mathe. 
ynami 


the physical sciences known as statics. As 
ground for the presentation, there is swept i 
effect of the rapidly 
scholarship in perpetuating and carrying for 
older Greek Moorish ur 
of Spain the knowledge of the newer Arabi: 


reader the Howerins 


ideas. Through the 
matics, the Arabic number svstem, and a mor 
approach to the problems of force and weight reached 

Latin west. The 
thirteenth 


scholastic teachers in the 
result fruitful. In the 
Jordanus de Nemore, of France, was a central 


Arabic 


Christian 


Was early entur 


extending conceptions into the field 
chanics. 
lo establish 


clearly the accomplishments 


medieval scientific writers, the authors use the 
pages to present eight treatises on weights and 


Euclid, Archimedes, Thabit 
Qurra, Jordanus de Nemore, and Blasius of Parma 


tople s, ascribed to 


are based upon Latin-written parchment manuscr 


of medieval times. All have been carefully edited a 


are accompanied by adequate English translations. T| 


first four of these treatises were available to, and tl 


other four scholars 


medieval Europe. They may be considered, then, to g 


were produced by, scholastic 


contributions mad 


lo be tour 


the background for, and the 


these scholars Lo, the science of statics. 


among the contributions are the general lever pri 
ciple, that of the inclined plane, the composition 
forces, and virtual displacements, with some suggesti 
of the use of the basal principle of work. All thes 
have commonly been regarded as the accomplishments 
of later centuries 

The compilers, who are also the editors and trans 
lators, are quite modest when they write, “It is hoped 
that these texts and their translations will be of value 
to students of the history of science, and serve in son 
the pitiful shortage of modern edi 


Wav to remedy 


tions, and particularly of English — translations, 
medieval scientific writings in this field.” 

Keiru Gorpon [RwIy 
School of Science and Arts 


Colorado A, and M. ( olleg: 


ERRATUM 


The first sentence in the third paragraph of Bentley 

Glass’ review of Understanding Heredity, by Richard 
B. Goldschmidt, on p. 189 of the March, 1953, | 
should read as follows: 
“Those who know Professor Goldschmidt’s emin 
the field of physiological genetics, and his “1 
views of the constitution of the genetic material a 
nature of the mutational changes that particy 
evolutionary processes, will be surprised to  s¢ 
these radical ideas are scarcely alluded to. 

Due apologies are made for an embarrassing p 
error, 

MON 
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